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PREFACE

This report was prepared by Los Alamos National Laboratory.

Solar Energy Section, Advanced Engineering Technology Group, Rz
Los Alamos, New Mexico 87115, for the Army Construction N
Engineering Research Laboratory, Champaign, Illinois 61820, 3
and the Air Force Engineering and Services Center, Tyndall Air N
Force Base, Florida 32403, as a joint agency manual. It was >
prepared under the Air Force Investigational Engineering
Program. Chapter II of the report was modified for Air Force
usage by the Air Force Project Manager, Mr Michael J. Santoro,
Energy Group. Funding was provided via USAF MIPR N84-38, -
dated 13 Mar 1984, to the Department of Enerqgy, Los Alamos .}
National Laboratory. The Los Alamos Project Manager was Mr y
John G. Avery. This report documents work performed during

the period April 1984 to March 1986.

This report has been reviewed by the Public Affairs Office
(PA) and is releasable to the National Technical Information
Service (NTIS). At NTIS it will be available to the general
public, including foreign nationals.

This technical report has been reviewed and is approved for -
publication.
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SIR - Savings-to~!nvestment

SC ~ space coollng

SH ~ space heating

SHWR ~ solar hot water return
SHWS ~ solar hot water supply

sq ~ square

SLR - Solar Load Ratlio

SWP -~ swimming pool heating

SWPS ~ swimming pool-summer only
SWPA - swimming pool=-all season
TSH - total system head

u -~ Overall heat transfer coefficlent
uv - ultraviolet

VAC ~ volts, alternating current
voC ~ volts, dlrect current
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Purpose

This technical manual provlides project managers, project engl-

neers, deslgners and Operating and Malntenance (0 & M) workforce §
with a clear and conclse means of designing, Installlng, and -

maintaining active solar energy systems for a varlety of appli-

b cations., These I[nclude domestic hot water (DHW), Industrlal
process heat (IPH), space heating (SH), space cooling (SC) and

h swimming pocl heatling (SWP),

Systems covered In this manual include active, liquld systems
only; systems using alr as the heat transfer fluld (collectors)
are not discussed. Alr systems have a significantly hlgher
parasitic power consumption compared to liquld systems (fans vs
pumps) and, when coupled with the slightly lower efficlency of
alr systems, result In less cost-effectlve systems., Therefore, ;;

alr systems are not Included In this manual.

The manual Is written such that the project manager can follow
the design process, from feasiblill+ty through installation, step-
by-step, with the desligner and installer. At each point, the
designer can determine what is expected of thelr design, and the

project manager can determine exac*tly what information to ask for

PR VY. VDI S PP AP AP P LD S I PPN ST Sy, i e b i i e s, Aatine, ot
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and expect to recelve. Project englineers should be able to de- }
termine key deslign polnts to be studied, Isolate problems early

in the design, review and approve submittals knowledgeably, and

perform Inspections wlth signiflicant results. Actual system

designers wlll find speciflic deslign concepts to be followed based

upon proven system designs that ellminate-"one-of-a-kind"” sys-

tems.

0 & M workforce personnel using this manual will be able *to
determine the basis of deslign used, as well as be able to set up

usaeful O & M procedures to minimize downtime and maintenance

costs.
Philosophy/Background
This Yechnical manual has been wrlitten to provide the desligners o

of active solar energy systems wlth speélflc system types and
design concepts to be foltowed. That Iis, standard or "generic"
solar enery system designs are presented with tight [Imitatlions

or allowable variations.

The standard systems and design concepts provided in thls manual
are based upon the onslte Inspection, evaluation, and trouble-
shooting of more than 100 exlistling solar energy systems installed
at military bases throughout the U.S. These cumulative results

have been used to determlne which system types, equipment types,

and Iinstallation detalils provide the best designs. Although more
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complex designs may, in theory, produce a slightly higher energy

2l i e

output, the resulting downtime and Increased malntenance costs
far outweligh the slight beneflt In higher energy output. Es-
sentially, the simpler systems yleld an overall larger return in

energy produced over the long run because of reduced downtime,

A second key point In preparing thls manual Is strict adherence
to the principle of simplicity In deslign. This has the advantage
of lowering initlal cost and more significantly of minimlzing
maintenance and downtime. A prime example of thls |s the per-
formance of existing sclar coollng systems in the milltary.
Evalustion of these systems [ndicates that the compiexity of
these systems and the poor performance shown fto date resuit In
higher operating costs (negative savings) and, therefore, payback

cannot be achleved.

The manual 1s dlivided Into sections that follow each phase of the
project from initial feasibillty study through operational main-
§ tenance. It [s designed to be used concurrentiy by both project
management and project desligners, Management should use the
feasibllity chapter at the Inception of a'projec? to determline If
a solar energy system Is economicaily feaslible. Assuming a
decision [s made that a solar system Is practicable, the next
phase of the project and the next sectlon of the manual require

the selection of a speclflc system type to fit the project. At

LA o 1o d ol o 8,
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this polnt, both manager and deslignher should be uslng the manual

and arriving at the same concluslons regarding system type.

Once system selection has been made (and agreed to by management
and deslgner), the project can proceed to the schematlc design
phase. At this polint, the designer should use the manual to
determine collector type, array slze, flowrate, storage size (or
volume), and the system Interface. Management should use the
manual as a checklist for the design to determine what to expect
or demand at the end of schematic deslign. Compietion of schema-
tic design by the designer and approval by management lead Into
the design development phase where the design I[s fleshed out to
show major detalls. The deslgner and management should use the
manual In exactly the same fashion as |s schematic design: as a
design gulide and checklist, respectively. Project managers
should be aware of and usé the "not allowed" |ists presented at
the end of the sectlions In Chapter V. Items In these lists have
been shown In the fleld to be Inefflclent, unrellable, and/or

nonfunctional. Avoiding these [tems In the design I|s essentfal

to ensure optimum performance and rellablitity.

Final project deslign [s covered In the next section of the manual
entitled "Construction Documents." This section follows the
project through 100 percent design with the project ready for
constructlion. This section of the manual covers Important

Installation detalls and what management should be looking for in
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& final critique of the design, Caliculation methods for deter-

minlng thermal loads and collector array sizing are provided I[n

l" o"\ LA

Appendlices A and B of thls manual, respectively.

Usling Chapters VIIl, IX and X, the project englneer and 0 & M =

workforce can improve Inspection techniques, acceptance

practice, and development of a good malntenance program. Al-

though the solar energy systems desligned using this manual will

be Inherently easler to malntain than exlIsting systems In the

fleld, turning over the project to the 0 & M workforce must

Include certaln Items |f the system Is to operate rellably wilth

; minimal maintenance. |In fleld evaluations of active solar energy
systems In the military, poor planning during thls turnover was g
as much a contributor to creating Inoperative systems or hlgh 3

maintenance as poor design.

‘;Qn!nnilgn -‘.'
The on-site Inspections and evaluations of existing systems

mentioned previously required the review of many sets of con-

structlon drawlings. Much confuslon exIsted because of the |ack 5;
of convention In labeling the solar collector array supply/return

lines. For the purposes of thls manual, the following convention

shall be used:

Return - heat transfer fluld goling to the collectors.

Supply - heat transfer fluld coming from the collectors

)‘,._. ...... ;._."_:. a .; (;","-- _..- . o B PRI . .~
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This convention Is In keeping wlth normal practice In which the

collector array Is treated |lke any other heating device such as

a hot water generator; the fluld 1o be heated Is

labeled "return"

and the heated fluld Is "supply." This convention shall be

used In all deslign documents.

Code Requirements

in addltion to the deslign requirements set forth

In this manual,

all systems desligned shall conform to the regulatlions of fthe most

current edition of the followling codes:
1. Uniform Bullding Code (Ref. 1)
2. Uniform Plumbing Code (Ref. 2)
3. Unlform Mechanical Code (Ref. 3)
4. Unlform Solar Energy Code (Ref. 4)
5. Natlomal Electrical Code (Ref. 5)

6. Life Safety Code (Ref. 6)

If a confllict exlsts between this manual and a code requirement,

the code shall be adhered to. The designer shall

also adhere to

the requlrements of all local, state, and/or Federal authorities

having jurisdlctlion,.




CHAPTER 11

FEASIBILITY

General

A feasibility study must be performed at the outset of the project to deter-
mine if an active solar energy system is economically justifiable for the
project. This study must be done before any design effort begins and, there-

fore, is the responsibility of the project manager.

The active solar feasibility assessment must be performed for the project
during the project development stage. It combines Congressional life-cycle
costing criteria with state-of-the-a;t active solar system performance to
indicate tne relative potential of using active solar applications in the

oroject, according to fuel type and cost.

FEASIBILITY ASSESSMENT

The feasibility assessment vrequires the calculation of the savings-to-

investment ratio (SIR) according the the following equation:

SIR = (0.50)(A/E)(C,)(UPW ) - (0.01)(S)(BCF) /0.90(S)
a. Assumptions

(1) 50% solar fraction

(2) 1% of total investment for 0 & M expenses o
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(3) 10% investment tax credit

(4) Energy saved equivalent factor of 1
b. Nonmenclature

(1) SIR = Savings-to-investment ratio

(2) A = Available annual insolation/SF of collector (MBTU/SF)

(3) Ef Heating plant system efficiency

(4) C¢ = Cost per unit of fuel saved ($/MBTU)

(5) UPN* = Uniform present worth factor for fuel type
(6) S = System unit cost per SF of collector ($/SF)

(7) BCF = Benefit cost factor for 0 & M

[f the value for SIR is one or greater for the particular fuel type used, then
active solar systems applications for the project are feasible and should be
investigatea during the design process. If the value for SIR is less than
one, active solar applications are not cost effective for the project and

snould not be considered.

An example using the calculation is as follows:

Project: Install as active solar domestic hot water heating system on a base
gymnasium at Tyndall AFB, FL.

Location: Panama City, FL

Feasibility Study: assuming natural gas as fuel type

(1) A =0.63 MBTU/SF for Panama City, FL

(2) Ef = 0.75, assuming nat. gas system efficiency of 75%
(3) ¢

p 3$4.22/MBTU for nat. gas at Tyndall AFB
*
(4) UPW = 22.66 for nat. gas, discount factor = 7%, period of 25

yrs, Region 4,




(5) S = $50/SF for system unit cost in 1986
(6) BCF = 11.65, assuming 0% differential inflation rate for 0 & M,

which means BCF = UPW. For a 7% discount factor, 25 yr. period,

UPW = 11.65.

(0.50) _A_ (Cf)(UPW™) - 0.01 (S) (BCF) / 0.90(S)
Ef

(0.50) 0.63 MBTU/SF ($4.22)(22.65)-(0.01)($50)(11.65)/ 0.90($50)
0.75 MBTU SF SF

(0.50)(0.84)(4.22)(22.66) $ - (5.8) $ / 45 3§
SF SF S

SIR = 34.4
45

SIR = 0.8 which is less than 1.0

Therefore, active solar applications are not cost effective for replacing

natural gas fuel usage at Tyndall AFB FL, and should not be considered.
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CHAPTER (11
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SYSTEM SELECTION
General
System selection Is the flrst critical step toward the design,
constructlion, and operation of a functional solar energy system,
The standardized systems presented In this manual represent
proven concepts that are both simple and rellable. As stated
previously, these "generic" systems normally result In overall
higher output per annum because they have fewer operating prob-

lems with less downtime.

Selection

Selection of the appropriate system type is based on a number of
general design parameters that should be known to both management
and designer at thls point in the project. These parameters

include the followling:

o) Load application,
o) Local environmental conditions,
o Local water condltions, and
o] Baslc structure type (for mounting).
Fige 1 Is a simple loglc flow chart to assist the user In making

the Initial system type selection; these system Types represent
basic design conflgurations, Detalls of design and load Inter-

face are coverec In subsequent chapters of thls manual,
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(O - INDICATES KEYED NOTE

ey

START

s

-,

-
.
.
-

CCMMERCIAL

» 120 GAL/DAY
RESDENTIAL
CR T
7 GO TO

PACKAGED SYSTEMS
LOAD < 120 GALUDAY

ALLOW DRANNG . SYSTEM NQ. 2

ABBREVIATICNS OF COLLECTORS

OHW - DOMESTIC HOT WATER
|PH - NOUSTRAL PROCESS HEAT
SC - SPACE COOULNG
SH - SPACE HEATING

SWP - SWIMMING POOL HEATRG

SYSTEM NO. 3

FIG. 1 - SYSTEM TYPE SELECTION LOGIC
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KEYED NOTES:

1 A system that combines space coollng wlth SH, or DHW, or
both will normally be dominated by the coolling load Imposed
and should be considered as a SC system for system selec-
tlion.

2 If the solar system In question Is not applicable to one of

the five load types In the fiowchart, do not use thlis manual
for design. .

3 All enclosed pools to be used throughout the ent’'re year are
considered to be "All Season Use." OQutdoor pools In mild
climates for which a sofar energy system Is desired to
greatly extend the swimming season beyond the warm weather
months should also be considered "A{{ Season Use."

4 Industrial process heat systems with required temperatures
exceedlng of 220°F should be desligned with a concentrating
type solar collector such as a (ine-focusing unit., Whiie not
overly compilcated, concentrating systems are not addressed
In this manual. A manual for concentrating collector sys-
tems will be produced at a future date.

5 Solar systems to be desligned for residentlal use of more
than two familles per solar system (multi-famlly housing)
should be consldered as "commerclal" systems. Smal |
commercial buildings with DHW demands of [ess than 120 gal.
per day per Appendix A shall be addressed wlth packaged
DHW systems,.

6 For this choice, "poor quality water" [s to be determined
based upon the dlscussion of water quallty analyslis contained

~

in Appendix C of this manual.

7 This question relates directly to the use of a drainback
system. |f the architectural or site considerations of the
project do net allow for a coliector array that [s self-
draining by design, the answer to this guestion Is "NO", For
example, a system requiring ground-mounting of collectors
normally cannot be easily drailned.

I ZESEZZTTIE==SSEITESSTSSSISEISSCSSESSSSSsSSSSSECSTSSESSSS=ST=SSSSSSS=S=Z=s=xzT=ss=z===

Use of the selection flow chart Is designed to allow easy deter-
mination of the most applicable system type for the project.
Simpiifled schematics for each allowable system type are shown In

Fig. 2 through 7, Incluslive,
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System 7, an IPH system operating Iin the range of 170°F to 220°F,
Is not shown In schematic form, 'n this case the schematic
layout of ths system wlll be the same as the direct recircula-
tlon, or closed-locop anti-freeze, systems excep? that the col-

lectors must be of the evacuated-tube type.

The designer should be aware that, In many IPH systems, where the
therma! loads follow a standard dally pattern, such as 8:00 fto
5:00, the system may functlion more effliclently without any stor-

age (solar). In this sltuation, the solar system Is used when-

ever solar energy Is avallable In a parallel arrangement wifth

the conventional system.

System 3 1s a drainback system with an optional start-up pump In
the solar loop/dralnback tank Interface., Usling the start-up pump
In the design is dependent upon the vertical dlstance between the
dralnback tank and the collector array. If the collector array Is
more than two stories above the drainback tank, a start-up pump
may be requlred to overcome the Inltlal static head of flilling
(See Chapter V - Pump Sizing, for further discussion). Once
suffliclent project Informatlion Is avallable to determine the
vertlical dlstance between the dralnback tank and the collector

array, a declslon concerning the use of a start-up pump can be made.

Finally, multi-use systems should be selected based on the appll-
cation with the dominant load. For example, a combination SH and
OHW system should be selected for whichever load Is greater, SH

or DHW. All design parameters would be determined In the same manner.

20
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Examples of Chart Use

. 1. A project calls for deslgn of a DHW solar system for a

P
)

500 person dormitory project enllisted personnel. The

2 N,

bty s

bullding Is In a temperate climate with a positive
number of freezing days. Potable water for the slite Is
of high quallty. Locatlon of the collector array,
relative to the mechanical room, will prevent daily
drainback of the coliector array. Use of the selection

chart would be as follows:

Step #1 - ls the system for swimming pool! heating
or space cooling?

Answer - Nelther

Step #2 - Is the system for DHW, SH or [PH? -

Answer = Yes - DHW

Step #3 - |s the DHW application commerclal or
reslidential In slze?
Answer - Commerclal - see keyed note #5.

Step #4 - Do freezing days occur at the project
location?

Answer - Yes

Step #5 - Does the project allow

the collector array to

for drailnback of

the drainback
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Answer - No - see keyed note #7.

Step #6 - System type #2 shall be used for this
project. This Is a closed-loop anti-

freeze (gliycol) system.

2. Suppose that a project calls for cathodic protection of
a remote plipeline and that a photovol{taic cathodic
protection system should be Investigated. If thls
manual were used, the followlng would occur in select-

lng a system type:

Step #1 - Is the system for swimming pool heating
or space coolling?
Answer - Neither
Step #2 - |s the system for domestic hot water,
space heating, or Industrial process
heat?
Answer - No - See keyed note #2. Note #2 states
that this design manual cannot be used
for designing this type of system and
that the user must look elsewhere,.
Table | Ilsts some of the baslic advantages and dlisadvantages of the
"standard" systems. Not all systems are comparable to one another. ﬁ
For exampie, a nonmetallic swimming pool system (5) cannot be com-

pared to the space-cocling system (7); they are apples and oranges.

22
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System Descriptions

All of the standard systems have the same basic functlons of

collecting, storing, and dellvering solar energy to a thermal

load.

1.

The basic operatlion of all systems Is as follows:

Solar energy (radlation) Is absorbed by the collectors.
Energy absorbed by the absorber plate Is ftransferred
{(conductlion) to the heat transfer fluid In the collec~-

tor risers.

When the collector temperature, as sensed In the header
by the collector sensor, reaches a temperature X degrees
Fahrenheit above the storage tank temperature (or pool
temperature), a differentlal temperature controller will
activate the solar locop pump(s)., The differentlial set-
t+ing, X, Is higher for systems with heat exchangers than

dlrect systems:

a. DOlrect systems (no heat exchanger between storage and
collectors).
ODifferential temperature "on" = 7°=10°F

Differential temperature "off" = 2°=5°'F

b. Indirect systems (heat exchanger between storage and

collectors).

Difterentlal temperature "on" = 15°*-20°F
Oifferential temperature "off" = 5°=10°F
23
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3., The solar loocp pump, whlle activated, transfers energy
from the solar collector array to storage. Systems with

‘ heat exchangers employ two pumps, one on each side of

the heat exchanger, to accompllish this. Both pumps are

controlled as one unit.

4. Once solar energy Is ccllected and stored, It Is trans-
ferred to the thermal load according to the speclific

load Interface used.
Speclfic operation of each of the systems shown Is as follows:

1. Direct Reclrculation- Thls system operates by using the
potable DHW as the collector heat transfer fluid. The
entering cold water supply to the bullding Is plumbed
directly to the solar storage tank, It Is a
"once-through" system because the water that passes
through the collectors Is actually dellvered to the
thermal load (faucets, showers, etc.). Because no heat
exchangers are Involved, it Is treated as a dlrect
system for differential cn/off settings. Freeze pro-
tectlion |s accompllished by clrculating hot water from
the storage tank through the collectors any time the
collector temperature approaches freezing. This type of
system |s used only In mild climates with infrequent

freezlng and good quality water,
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2. Closed-loop (Antifreeze)-This system operates using a
separate solar |locop and heat exchanger. The solar loop
Is fllled with a mixture of water and glycol (nor-
mally 50% propylene glycol)., Energy collected by the

glycol mixture in the solar collectors Is transferred to

the storage fluld (water) through the heat exchanger.
The glycol mixture Is the freeze protection In this
system and must be malntalned. This system [s treated as

an Indlrect system for dlfferential temperature set-

tings.

3., Dralnback- The dralinback system operates using a separate
solar loop and heat exchanger as In system #2
(antifreeze). The solar loop in the drainback system,
however, does not utilize glycol for freeze protection.
This protection Is accompllished by dralning the collector
loop back to the drainback reservolr (unpressurized) any tlime
the solar loop pumps are off (gravity flow). In this situatlion,
freeze protection |s passive, and no controls or valves are
Involved. However, to accompllish the dralining
of the entire array, all of the piping, Includling the
collectors, must slope (minimum of 1/8 In/ft) back to
the dralnback tank, Do not put any check valves In
the solar loop to allow for the gravity draining to
occur. Therefore, good attention to detall Is crit-

lcal durlng constructlion.
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The dralnback system uses an unpressurized, vented
drainback tank and an open collector loop. As such,

a static head must be overcome at start-up by the

pump but Is ellminated once flow Is established through-
out the loop. Thils situation Is not critical for

one-to twe- story structures but must be addressed for
systems wlth coliectors mounted three or more storles
above the tank. Thils sltuation Is discussed in more
detal!l In Chapter V - Design Development In the

pump-sizling sectlon.

Oirect Pool - The dlirect pocol system cperates using the
actual pool water as the collector heat transfer fluld.
Water 1s diverted by a control valve downstream of the
pool fllter and before the conventlional heater. Pool
water Is heated In the ccllector array and returned to
the pool. lf the solar collectors cannot provide the
necessary heating of the pool water, the conventlonal
pool heater Is used. If no solar energy Is avallatble,
the control! valve does not divert pocol water to the
collectors, and the pool water flows dlrectly to the
conventional heater, This type of system is used for
"swimming season only" systems, and separate freeze

protection Is not required.

Indirect Pool ~ The indlirect pool system Is used focr all
season pools In cllimates where freezing occcurs, A sep-

arate collector locop with a water/glycol mixture

28
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transfers energy to the pool water by a2 heat exchanger;
the glycol mixture provides freeze protection. The heat
exchanger used Is In direct contact with the pco! water
and must, therefore, be constructed of stainless steel
or cupronickel to avold corrosion of copper by chlorine.
The solar loop Is activated when the requlired differen-
tlal temperature between collector and pocl Is reached.
The system is Inactlve when the pool Is at or above a
user-determined setpoint (desired pool temperature).
This set+lng should be sllightly higher than the conven-

tional heater setpoint.

Absorption Coolling - This system functions basically the
same as the closed=-loop antifreeze system as far as the
collector loop Is concerned. The major dlifferences are
that the collector loop operates at a much higher deslign
temperature and that thermal energy collected Is de-

Ilvered to an absorption chiller for cooling.

IPH - The [PH system does not constitute a separate
system design. The [PH system could be confligured as a
direct reclrculation, antifreeze, or drainback design.
The same control loglc would apply as described for each
of these systems. The primary dlfference occurs In the
load Interface where an |PH deslign normally has a well
defined, consistent load. Often, when the process load

operates on a speciflc daily schedule, the [PH system

can be used without 2 storage tank because there 1s no




need to store energy for later use. |In thls scenarlo,
the solar array Is used much the same as any conven-

tional in-ilne heater.

It should be noted that systems using sllicone-based heat transfer
fluids are not allowed within the scope of thlis manual. This Is
because this type of system Is In |imited use at this tIime and,

therefore, Its use would not reflect the goal of "standardlzed"

design.
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General

Once the project Is determined to be economically feasible and a

system type has been selected, the project can progress to the

Schemat!ic Design phase.

The Schematic Deslgn phase consists of establishing the basic
deslign of the system, Including the following:
o] Therma! loads,
o] System type,
o] Collector type,
© . Close approximation of collector array size (in-
cluding calculation of average yearly solar contribu-
tion},
o Ecstimated storage size (volume),
o] Solar loop flowrate and collector tII1t angle,
o] Load iInterface, and

o] Baslic control logic.

System designers shall prepare the Schematic Design Report dis-
cussing each of the required [tems above for submission to and
acceptance by the project manager. This report should discuss

calculation of the thermal loads, as shown in Appendlix A - LOAD
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CALCULATIONS, the selection of the system type as well as the
collector type, and any assumptions made In determining the se-

lectlion.

This report should show calculation of the approximate array

slze, storage volume, solar loop flowrate, and collector tilt
angle as well as a suggested load Interface. A single |line sche-
matic of the system, Includling the proposed interface, Is re-
quired. Plpe size and type, equlpment selectlon, manlfolidling, and
layout detail are not required at this point. The report should,

however, outline the baslic control logic Intended.

Thermal Load

Calculatlon of the thermal locads to be addressed by the solar
energy system is, obviously, a critical item Iin the deslign pro-
cess. Appendix A of this manual describes the procedures to be
used in calculating the thermal |cads. These loads are ap-
proxImate at this polnt and may change as the overall project
develops. The system designer should now proceed to calculate

the thermal loads as detalled In Appendix A. Be careful to note
any assumptions made In these calculatlons requlired by lack of

data at this stage of the project. Proceed to the next secticn
after thermal |ocads have been calculated. If, for DHW systems only,
the DHW load for a commerclal type project Is less than or equal

fg 120 gal. per day at 120°'F, per Appendix A, a packaged OHW system

shall be used, and the designer should proceed directly to Chapter XxI,

-4 PRI AR
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Collaector Selection
Before slizing the overall collector array, the deslgner should o
select the type of collector to be used In the array to allow

better calculation of collector energy output In sizlng the

array.

Selection of the collector should be based primarily on the ap-
i plication temperature of the system and the system type prevlious-
3 ly selected. WIthin the scope of this manual, three basic co-

llector types are to be considered for all of the system types

1
B
; allowed. These baslc collector types are the following:

1., Nonmetallfic: Thls collector s used In "summer

only" swimming pool heating systems, is normally
fabricated from plastic or other polymer materials, and

s unglazed.

2. Standard Flat-Plate: This collector wiil be used
in the majority of projects covered by thls manual.
For the system types deflned in this manual, this col-
lector type will be used for all but system #4, system
#6, and the high temperature portion of an I[PH system ;

(system #7). v

3. Evacuated Tube: This collector type Is normally
used for high-temperature appllications (up to .

220°F) In which a flxed (stationary) collector is

.................
........................

...................




required. Temperature appllications above 220°F should

be addressed using tracking, concentrating collectors,

which are not wlthin the current scope of thls manual.

Table |l Indlicates the type of collector to be used In conjunc~
. tlon with the varlous system types defined below:
k.
b‘ 4
JABLE 11 =
N o
COLLECTOR TYPE/SYSTEM TYPE APPLICATIONS
{
. "
d .
g
SYSTEM TYPE NOQ. COLLECTOR TYPE g
1 Standard Flat-Plate ;
2 Standard Flat-Plate %
-1
3 Standard Flat-Plate i
. 4 Nonmetalllc ]
5 Standard Flat-Plate
6 Evacuated Tube
7 170°F to 220°F (1PH) Evacuated Tube

The systems desligner should carefully conslider selectlion of

collectors within each type. Poor selectlon and speciflication of

¢ e

3 collector can cause the falfure of an otherwlse good design.

‘ Conslderations for selectlion of collectors within each collector

. -
"’ \1
z a
type are dlscussed as fol lows: ]

-

;

|




Nonmetalllic

The majority of nonmetallic collectors on the market

are made speciflically for swimming pool heatling and,
therefore, are qulte similar. Thls type of collector Is
normally used unglazed and unlinsulated because of the |ow
operatling temperature (70-100°F) and the high ambient temper~
ature during the swimming season, Therefore, selection of a
collector In this category should be based primarily on

materlals and ease of Installiatlion.

Materiais shouid be selected for their durability and resis-
tance to corroslion by varlous substances. in particular,
the materlal of the collector shouid be highly resistant to
degradation frdm ultraviolet (UV) radiation. An excellent
material cholice that meets these requirements Is ethylene-
propylene-diene-monomer (EPDM) rubber. Ease of installation
is the second item to be consldered In the selectlion. This
type of collector Is inherently Inefficlent at elevated
operating temperatures, and low Installation cost (labor) is

required to obtaln any economic payback.

Collectors of this type normally come In elther preassembled
absorber modules or as components for site-bullt arrays.
Either of these methods [|s acceptable with each having ad-
vantages and dlsadvantages. Pregssembled modules are

usually higher In Initial cost, but installation labor Is
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S reduced. Site-bullt units require more Installation labor
- but have a lower first cost and are more adaptable to a
; specliflic site.
. 2. standard Flat-Plate
. This type of collector wll!l be used in the vast majorltty of
i projects designed using thls manual. It Is also the type of
: collector for which the most products are avallable and for
ﬁ~ whlich the most variations exlist. Some of the general cate~
i gorles of standard flat-plate collectors Include the follow-
; Ing:
i o Single glaze, selective surface;
; o] Slngle glaze, non-selectlive surface;and
; o Double glaze, non-selective surface.
- Within these general categorlies are also scme baslic
. manifolding categorles Including the followling:
! o) internally manifolded and
o] Externally manifolded

For the purposes of thls manual and to malntaln
) the basic phllosophy of "standard" systems, minimal
: maintenance and rellabliity, the following type of standard
Ii flat-plate collector should be used:
; o Single glaze, selectlve surface. The selective
3 surface shall be electroplated or chemically
‘; deposited (palinted surtfaces not acceptable) wlth
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a minimum absorptivity of 0.90 and a maximum
emlssivity of 0.15.

o] Internally manifolded with four header connectlons
(on sldes),

o] Minimum 1,0" header slze.

o Copper fluld passages (risers), copper tube with alumi=-
num fin allowed,

o] Mountling of collector shall not requlre drilling of
collector box assembly.

o] Absorbers and headers shall not be rigidly attached to
collector box to allow for expansion.

o] The collector box shall be metal with a corrosion
resistant coatling.

0 All collector enclosures shall have "weep holes"

to allow drafnage of condensate.

The reasons for selection of this type o% flat-plate collector

Include the following:

1. A single glaze, selective surface collector maximlzes
Input with minimal losses (reradiation).

2. Single glaze collectors have less welght and
thereby result In smaller roof locads with lower Initial
and replacement costs,

3. Selectlve surfaces (electroplated or other chemical
depositlon) have |longer |ife expectancy, minimal

maintenance, and higher performance.
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Internally manifolded collectors reduce piping
(material) and labor costs over externally manifolded
collectors.

5. Copper rlsers are best sulted for corrosion control.

6. Minimum 1.0" header size allows maximum flexIbillty In
array deslign and keeps friction losses |ow. |

7. Four connectlons per unit (headers) allow flexibllity
and minimize piping requirements.

8. Mounting without drilling malintains Integrity of

unlt and eliminates source of possible Internal damage.

After narrowing the possible selectlons down to those that meet
the above criteria, a speclific product (or group) can be selectec
by comparing thelr respective perfecrmance curves

(Instantaneous) with special attention glven to the polnt on

the curve most appllcable to the project. Fig. 8 shows a

set of six first-order, Instantaneous efficlency curves for

this type collector. Manufacturer's names have been
Intentionally deleted, but all meet the collector criteria

previously stated. The equation for the curves shown Is

glven by:
EFFy = Ty = TAMB/'
where
EFF, = Collector's jnstantaneous efficlency
Tln = JInlet temperature (fluld) to colle;+or (*F)
TAMB = Amblent temperature (°F)

| = lInsolation value (Btu/Ft2-hr)
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Using general informatlon about the project and some basic as-
sumptlions determines the most loglcal operating point on

the curve for the collector to be selected. Note that these
are "Instantaneous" efflclency curves. Table |1} contalns
default values for collector Input temperature for use by

Inexperlienced personnel,

Example 1

Select a collector for use on a DHW system In San Dlego, CA.
Supply temperature deslred Is 120°F,

Assume:

T

n 110°F (10°F tess than supply)

TAMB 60°F (average for year)

250 BTU/$+2 hr (good day = few clouds)

Therefore, the fluld parameter (QDelta T) would be:
I

110-60/250 = 0.2

At this polint on the graph, the collector wlith the htghest

Instantaneous efflclency [s "D,"

Example 2
It a process system (IPH), operating at, say, 150°F, were to be de-
signed for a much more severe climate with low insolation values

the selectlon would dlffer as shown:
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Assume: Tin = 140°F

Tamg = 40°F

| 150 BTU/f+2 hr

Then -,

1

140-40/150 0.67 and,
returning to the curve ylelds collector "F" as the most efflcient

unit for the job.

TABLE 111

APPLICATION COLLECTOR INPUT TEMPERATURE, °F
DHW 110

SWIMMING 80

SPACE HEAT 120

SPACE COOL 160

| PH 140%

*|PH can be required at virtually any temperature. A value of

140°F Is given for example only.
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The most efflclent collector is not necessarlly the best col-
lector to be used on the project. That declsleon should be based
on a rough calculation of cost per unit of energy dellvered
($/BTU) for a number of collectors. The simplest method

for deciding this Is as follows:

1. For the type of collector requlred, obtaln cost
estimates for the array slze needed, dellvered
on~slte (F.0.B. project slte)., Based on the cost
estimates provided, calculate the cost per square

foot (aperture) of each collector.

2. Graph the Instantaneous efflclency curves of the
collectors as shown In Flg., 8,

3. Select a high and low operating polnt for the ;ys—
tem and, using the efficlency curve graph, calcu-
late the Instantaneous efficiencies of each col-

lector at each polint.

4, Multlply the calculated efficlency by the assumed
Insolation at each design point to obtain energy

collected per square foot (aperature).

5. Dlvide the cost per square foot (aperature) from
Item one above, by the calcuiated collected energy
from [tem four to obtain the cost per BTU per

square foot (aperature) for each coillector.

R |
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6. The collector with the lowest cost per BTU Is the

best cholce for the project.

A final point In selecting a collector iIs the overal! slize of the
unit, The larger the unit, the more collector area obtalned
per unlt Installed. That Is, a 4.0' x 8.0' collector has 32
square feet of area, whereas a 3.0' x 6.0' unit has only 18
square feet., |If each unit has four connecfions to be made (ex-
cept for the ends of the row), then the labor Involved In
Installing 32 square feet Is approximately equal to that for
Installing 18 square feet. On a large array, the size re-
sults In a significant difference In Installatlion costs.

?or a 3000 square foot array, approximately 94 4.0' x 8.0'
units are requlred,‘:hereas 167 3.0'x 6.0' unlits would be
needed., These varlations In installation cost extend fo

other ltems as well and, therefore, the larger units will

normally be more economical. Flrst costs, In decllars per

square foot of collector, are usually less alsc,

3. FEvacuated Tube
Selectlon of an evacuated tube collector Is similar to
selection of a standard flat-plate collector. Evacuated tube
collectors reduce convective and conductive heat losses by
using a vacuum between the glazing and the absorber surface.
Because a vacuum would cause a typlical flat-plate collector
to collapse, this technique [s used In conjunction with a

tubuliar design. VYacuums on the order of 10"% torr eliminate
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both convection and conductlon |losses. Evacuated-tube col-
lectors lose less heat to the environment than flat-plate
¢ollectors do and they can operate at higher temperatures
(>200°F)., They can colliect both direct and diffuse solar
radiation, do not require tracking, and because evacuated
tubes can operate at lower Insolatlon levels, they can col-
lect more energy on cloudy days. The vacuum also makes the
evacuated tube much less susceptible fo wind-Induced therm-
al losses than other types of collectors, Another advantagse
Is that with the selective surface of the absorber contalned
In a vacuum, greater stabllity and a longer 1ife for the

coatling can be expected.

The fleld layout of evacuated-tube collecters Is simllar to
that of flat plates; either roof or ground-mounting Is
acceptable. Insulated headers ;re usually supplied with
these collectors., Because of the fraglle nature of the
tubes, care should be taken to protect the array from

vandalism.

There are only a few types of evacuated tube collecters on
the market. One design employs three concentric glass
tubes. Fluid flows Into the annular space between The_!nner
and the second tubes and back out the Inner tube. The
annulus between the second and third (outer) tube Is
evacuated, and the outslde of the second tube contains a
salective coating. Another deslign employs only two

concentrlc glass tubes; the space between them |s evacuated,
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and the outer surface of the inner tube contalns the

RRARAR

absorptive coating. A metal fin conforms to the Inslide

surface of the lnner tube and attached to thls fin Is a X

DN S a4
.

metal U=-tube, which carries the fluld. The U-tube readily
accommodates thermal expansion, and glass breakage wlll not

result In a leak. However, cases of copper oxlidation caused

NSRS o

5 by stagnation temperatures have been reported and [t Is

recommended that stagnation temperatures be avolided. _:

The performance of evacuated-tube collectors can be
substantially different from that of flat-plates at
off-normal Incident angles. As the sun angle gets |ower,
the effective gap between the tubes shrink, thereby
Increasing the efflclency of panels without specular
reflectors. The type of reflectors used has a large effect
on off-normal performance, and although It is not evident
from a solar noon efflclency curve, the effects of Incident
angle can give an evacuated tube an advantage In day-long

performance, compared wlth flat plates.

Although flat-plate collectors typlcally are limlted to
operating temperatures under 180°F , evacuated-tube
collectors can perform at temperatures of 250°F.
Evacuated-tube collectors are more fragile, however, and
glass breakage has been a problem, In some cases,
"shocking" a stagnating collector array wlith cold fluld has
caused the breakage and In other Instances, local

thermal gradients during stagnatlion have been the cause.
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Therefore, evacuated-tube collectors should not be filled

when they are hot and should not be allowed to stagnate when
they are fllled. The latter consideratlion dictates the need
for extreme care Iin expansion tank sizing and selectlon of
PRY's., Fleld experience has shown that borosililcate glass

Is more durable than soda-lime glass [n these applflcations.

Collector Array Slzling
At this polnt In the design, the system type from Chapter !I||

should have been selected and the thermal loads calculated. The
system deslgner can now calculate the approximate overall collec-
tor array size using the slzlng calculatlions detalled in Appendix
B - COLLECTOR SIZING TECHNIQUES. 1In <calculating the slze of the
collector array, use the following boundary condlitions and/or

limltatlons:

1, Calculations of array slze shall be based on a ratio of
solar energy supplied to total energy requlired (solar
fractlon) of 60-65%, on an average annual basis, as a
deslign goal. This goal cannot always be achlieved, but,
to maintalin the overaill design philosophy of generic or
standard systems, the acceptable annual solar fraction
range shall not be less than 40% nor more than 70% of
the total thermal locad on an annual average. That Is,
It the annual thermal lcad calculated for the project
s, for example, 100,000,000 Btus, the solar energy

system shall be slzed to provide not less than

40,000,000 or more than 70,000,000 on annual ayerage.
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The system may provide 95% In a summer month and 25% In
a winter month, but the average annual percentage

should fall between 409 and 70%.

2. Array slzling and a2ll system parameters based upon
array slze shall be calculated on the basis of callec-
tor net aperature area not gross area. That s, If the
calculations for a particular system call for 2,000
square feet of collector then the collectors used on
the project should have a net aperature area of 2,000
square feet., Gross collector area varies from one
product to another and should not be used for slizing or

purchase.

After completing the collector sizing calculations using Appendlx
B and the boundary conditions set forth above, fthe designer can

proceed to size the storage volume needed as described below.

Storage Yolume Sizing

Sizing of the storage volume can proceed as soon as the collector
array has been sized, as shown above. For the purposes of this
manual, the storage medlum for all the "standard" systems shall
be water. System 2, the antifreeze system, does not use the
glycol mixture as a storage fluld; the glycol mixture Is con-

talned only In the solar collector loop.
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Sizing of the storage volume [s relatively simple and Is based on
a ratlo of storage to collector array area. Optimum performance
~occurs when the ratio of storage volume to collector area Is approxl-
mately 1.8 gallons (HZO) for each square foot (aperature area) of
collector area. This ratlo Is not an exact number and can be
varled somewhat dependl&g on the specific project., For example,
a system requlring higher temperature thresholds (l.e., cannot
use water at less than 140°F) wll| perform sllightly better If the
storage volume Is reduced to, say, 1.5 gal/sq.ft., or a system
that collects energy all day without a thermal lcad present may
perform better If the ratio Is ralsed to 2.1 or 2.2 gal/sq.ft..
However, wlth the exceptions |lsted below, the storage-to=-col-
lector ratio should not be less than 1.5 nor more than 2.3
gal/sg.ft. of collector area for use with the standard systems

described in this manual.

Exceptions:
1. Swimming pool heating systems do not use a separate solar
storage tank but use the pool itself as the storage unit.

The ratlo of storage to collector does not apply.

2. Certaln IPH systems wili prove more economically feasible I[f
no solar storage Is used. Specliflically, an [PH system In
which the load occurs only during the regular work day (say
8:00 A.M, to 5:00 P.M.) does not necessarlily requlire a storage
tank because the energy collected can be used immediately.

In this situatlon, the collector array operates as an

Instantaneous heater only and provides heatlng when |t can.
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Once a speclific ratio has been declded upon, the approximate
storage volume can be determined. The storage volume calculated
can be adjusted slightly and deslgners shoutld use standard, off~-
the-shelf tanks. Do not specify a custom=-built tank for the sake

of a few gallons (+ 10%).

Solar Loop Flowrate

Once the collector array has been sized, the solar loop flowrate
can also be calculated. Past experlence Indlcates a range of
flowrates, based on collector square footage, that provides an

optimum performance for generic solar systems.

As a design criteria, the solar loop flowrate should be calcu-
lated to be 0.025 to 0.03 gpm per sq.ft. of collector. The
flowrate should never be less than 0.01 or greater than 0.04
gpm/sq.ft. of collector. The lower the flowrate, the greater
the differential temperature (rlse) across the array; higher
flowrates will decrease the temperature rise but increase
frictlon losses and pump requirements. One exception to

these requirements Is the nonmetallic collector system for
swimming pools; manufacturers' recommendations should be
followed for these systems because the pool pump Is used Instead

of a separate solar loop pump dedicated to the solar system.
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The collector array should face as close to true south (not mag-
netic) as possible, This angle Is the collector azimuth angle. The

collector azimuth angle may be varlied away from true south by as

much as *15* east or west wlthout excessive loss. I|f project
requirements demand that the azimuth angle be more than *15° off
of true south, the feasiblllty of the solar system should be re-

considered using reduced solar (insolatlion) availabllity.

The tiit angle of the collector array (measured from horizontal)
Is calculated by the application of the solar energy system

and the latitude of the project slite. Table IV shows the recom-
mended tilt+ angle of the collector array, relatlive to latltude,
for the types of systems Included In this manual. These angles
also have.a degree of flexibillity, and the actual angle used
should be adjusted to minimlize complexlty In constructlion. For
example, If the caliculated tiit angle Is 41.5°*, the desligner
should spaclfy 45°* because of the simpllicity of construction at
45° versus 41.5°*, Adjustments of +5°* will not serlously affect

the performance of the solar system.
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COLLECTOR TILT ANGLES .
APPLICATION TILT ANGLE E
DHW . Latitude 3
DHW + SH Latltude + 10°
SH Latitude + 15° i
sC Latitude = 15° -
| PH ' Latitude
: SWPS (Swimming Pool=-Summer) Latitude - 15°
L SWPA (Swimming Pool=All Season) Latltude
} -
g :
Load Interface

At thls point in the project, It Is often difflcult to determlne
the speciflc requirements of Interfacing the solar energy system
with the, thermal load of the project. Thlis Is especlally true
with new constructlion compared with retroflit projects In which ex-

Isting equipment [s known, However, In most sltuatlions some

thas S A S i s

basic design parameters can be assumed based on knowledge of the
type of system required (DHW, IPH, SH, etc.) to allow an inltial

Interface deslign.
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E The basic philosophy to be followed for Interfacing the solar and
conventlonal heating systems I[s as follows:
1, Maximlze the use of the solar energy collected.
2. Minimize the complexlty of the Interface and,

thereby, keep controi requirements to a minimum,

Fig. 9 and 10 show some simple schematics for Interfacling the
solar and conventional heating systems for DHW loads. Swim-
ming poo! system Interfaces (system types 4 and 5) are shown in

FIg. 5 and 6 as part of the system type design.

Control loglgc
Control loglc for the solar energy system should be kept as sim-
ple as possible, Evaluation of exlsting systems at millitary
Installations indlcates that in almost every case, control prob-
lems are the major cause of system malfunction or fallure. In
most instances, the control systems are overly complex or are
custom=-bullt (one of a kind) and prove fto be maintenance night-
mares. The following parameters should be followed In designing
the control system:
o] Minimize the control functlions;
o] Use off-the-shelf equipment of good quaillty = do
not use custom, one of a kind systems.
o Do not allow control systems to be designed by the
construction contractor. Qasign of the control

system Is the job of the deslgner.
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At this stage of the design, the control loglic needs only show
the basic control equipment and equlipment to be controlled, as
shown previously In Flg. 2 through 7. The basic control logic
should alsoc be stated, Including on/off differentlal settings,

high |Iml+ts, and load control valve switching (DHW mixing valves,

etc.)

For on/off differentlal temperatures for a solar loop pump, the
following should be used:
¢ Collector loop with no heat exchanger between

collector array and storage.

Oifferential "on" = 7°*=«10°F
Differential "off" = 2°<5°F

o Collector loop with heat exchanger
Differential "on" = 15°<20°F

Cifferential "off"

5°=10°F




ITEM

SCHEMATIC DESIGN CHECKLIST

10'

1.

12.

13.

Thermal loads were calculated uslng
AppendlIx A of This manual?.cieeeconcocsacs

System type was selected folliowlng
the loglc chart of Figure 1?..ceeevanenans

Collector type was selected and
agrees wlth Table l?7..iceeirevecncsnnecnne

Collector array slze was calculated
using Appendix B of this manuall?..cseeeenne

Array slze |s based on aperature
area of Collec*or?...Q.'.GQ..C..I'....IO'Q

Solar fractlon Is In the range of 40
to 70% of the calculated thermal lcads?...

Storage volume Is In the range of 1.5 to
2.3 gallons per sq. ft. of collector?.....

Solar loop flowrate Is In the range of
0.0 to 0.04 gpm per sq. ft. of

collector? (Except nonmetallic pool

COl l@CTOrS) cveeeessosecensenvssscssanasccsns

frue Soufh?aOtuc.ococonltloooo!o.oto'.nolc

Azimuth angle Is *+ 15 degrees of
Tilt angie Is + 15 degrees of
the project site latitude?.sieeenavaconans

Load Interface [s as shown in Figures

9and 10?0-010-00.-0l0000t‘ocootootocctll'

Dlfferentlial controller Is used for
solar [oop conNtrol l.eeieeeesseessascsonacas

Storage sen-or Is shown "In storage"?.....

Inltials
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CHAPTER V

DESICGN DEYELOPMENT
General
Completlion of the Schematlic Design and approva! by project man-
agement allows the designer to move the project into the Design
Development phase. Completion of thils phase should bring the

project to approximately the 70 percent stage.

The Design Development phase of the project consists of flinallz=-
ing the basic system design (thermal loads, array size, etc.) and
fleshing out the design, Including the following:

Finallzing thermal loads,

Finallzing system parameters (array size),

Collector layout and manifolding,

Pipe sizing,

Thermal expanslon control (piping),

Fluld expansion,

Orainback tank,

Storage tank and piping,

Yalving and fifttings,

Pump selection,

Heat exchanger sizing and selectlion,

Insulation,

Finalizing locad iInterface, and

Finalizing control system.
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System designers shall prepare the Deslign Development documents
noting any changes made from the Schematic Design. Deslign Devel-
opment documents shall be submlitted to the project manager for

approval.

Ihermal Loads (Final)

The designer shall determine 1f any changes In the scope of the
project affect the thermal loads calculated In the Schematic
Deslign phase. |If so, the designer shall recalculate the thermal

[,

ivads To be addressed by the solar ener system. it changes in
Yy

the scope of the project result in slignlflcant variation of the
thermal loads, the designer shall Inform the project manager.
This Is of particular Importance If thermal loads Jncreasg sig-
nificantly. In this case, the project manager shail decide
whether the previous feasibl(lty study must be redone before
deslign continues, Care must be taken to ensure that thermal

loads are calculated consistently throughout the project.

Collector Array Sizing (Final)

The designer shall recalculate the collector array size If the
finalized thermal locads addressed by the solar energy system vary
from those of Schematic Design by more than + ten (10)%. A varl-

atlon of less than ten (10)% does not warrant the effort

necessary to recalculate the array size.

y % % 4 %NS
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After finallzling of the overall collector array size, the de-
signer may proceed to lay out the array for the project, lncludling

the manifolding (plping) of the collector rows. The following N

general parameters shall be followed In the layout of the solar “)
s equlpment.
] Locate collector array as close as possible to the

mechanical equipment room to minimize piplng.
o] Locate storage tank (and drainback tank) as close

as possible to mechanlical equipment room,

o Avold use of underground storage tanks [f posslible.

o] I[f collectors are to be roof-mounted, complete layout of
rows hefore plumbing system vents and other roof-
mounted equlipment are positioned. Coordinate this wlth

responsible mechanical designer.

o Provide structural engineer with roof loads as soon as -
possible. Collector weights shall Include the weight of
water required to fill the array.

o Request a freeze-proof hose blibb and 120 VAC weatherproof

electrical receptaclie be iInstalled on roof by responsible
mechanlical and electrical desligners for malntenance.
o] Minimlze plplng, structural members (collector racks),

and plumbing connections (flttings).

The desligner should lay out the collector array In a manner that
minimlizes control requirements. |In particular, passive control v
techniques, such as reverse-return pipling, shall be employed

Instead of flow control valves. Flg. 11 shows a basic array lay-
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out usling a reverse-return strategy (collectors are plumbed In

parallel), FIg. 11a shows a single set of collector rows In an
array while Fig. 11b shows a double row arrangement. Selection of a

single or double row arrangement [s dependent on the followling:

o] Number of collectors required,
o Roof area avallable, and
o] Roof geometry.
As shown, any unit of fluld wlll travel the same distance and

pass through the same amount of plping regardiess of which row
the fluld travels through. Frictlon Joss and, therefore, mass
flowrate will be the same for all paths, and balanced flow In the
array Is achleved., The reverse-return pliping Is shown on the
Inlet side of array, not the outiet. because during normal
operation, the outiet side Is hotter than the inlet, and plpling

s minimized on the outlet side to reduce heat |oss.

Reverse-return deslign Is required on all arrays. Most roofs are
large enough for reverse-return flow control to be used, although
a little effort on the designer's part may be required. Projects
In which the size or geometry of the roof makes a reverse-return
layout Iimpossible should conslder ground-mounting the colilector

array. Agaln, a reverse-return |ayout |s requlred.

I'f nelther a roof-mounted nor ground-mounted array can be designed
using a reverse-return layout, the project manager shall reassess

the feasiblllty of the overall solar project. |[f the solar ener-
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gy system has a minimal return on Investment and the reverse-re-
turn layout cannot be used, the solar system shall be considered
unfeasible and deleted. |f the solar system has good payback
potential but a reverse-return layout s Impossible, the project
manager may authorize, in writing, the use of other flow control
methods. The written aufhorlza?lon shall certlfy that the
project manager has personally determlined that a reverse-return
layout cannct be employed in any way.

P e £
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|1shed by mechanlical flow control devices. [t Is highly recom-

mended that differentlal! pressure flow control valves (clrcuit-

satters, etc.) be used. These units shall be adjustable for the
flow range requlired by adjusting the valve using a differential

pressure meter to determine flow. Once set during start-up, the
valve poslition should be clearly and permanently marked to allow
resetting If It is acclidently moved. The dlfferential pressure

meter used to set these valves should be a permanent part of the
maintenance equipment for the system and should be llsted In the
contract documents. Flig. 12 shows a single row array using the

flow control valves. |f flow control devices are used In a

drainback system, the designer should insure that they will not

impede gravity flow back to the drainback tank.

Many exlIsting systems evaluated have employed flow control

devices that are preset, sealed, nonadjustable, one-plece units.
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Although appearing to offer a simple solutlon, these devices have

. an inherent problem that has caused 2 number of system fallures.

& Most of these devices employ an orlficed plston and cyllnder

. design to effect flow control. The orlifices are quite small and

¢ v v v s v

L are easiiy piugged by fine sedimentT orf othsr suspended partlic-
ulates In the solar loop fluld. Because they are sealed units, - N
they cannot be Inspected or repaired. Use of these flow control -
o devices in a solar energy system requlires usling fllters with very

fine mesh (cartridge type) and a meticulous flushing of plpes

before Instaliation, resuiting In a high maintenance [tem. This

type of flow control device shall not be used in any system.

Concurrent with the layout of the overall array, the desligner
must also layout the Individual rows of collectors because the
row deslign affects the overall [ayout and vice versa. Fig. 13
shows the layout of a single row of collectors plumbed In paral-
lel. The row Is shown complete with valves, sensor, Instruments
and expanslon jolnts, The collector sensor (for differentlial
controller) need only be Installed on one row of the array
(closest to mechanical room). An array with several rows of
collectors also need not have a thermometer on each; however,
each row should have a thermometer well, thereby allowing a
single thermometer to be moved from row to row for testing.

The thermometer should be installed Initlally on the same row

- as the collector sensor.
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Fig. 14 shows the layout of a double row array and, In fthls
case, It Is set up for a drainback system. A single row dralnback ;j

would simply be half the row arrangement shown, A double row,

non-draining array would also be as shown, except the sloping 5%
of the coiiectors and piping wouid not be requirsd. All valves E:
L
and Instruments shown, with the exceptlion of the vacuum breaker, ",\
would be the same. :
In desligning the collector rows and the overall array layout, the ;Q
desligner should consider the number of coiiectors per row. Rs= -
quirements of this manual call for collectors to be Internally ;

manifolded and, therefore, collectors withln each row are plumbed
In parallel. The number of collectors in each row |Is determlined
by the total number required and the slze (diameter) of the head-
er plpes. For collectors with a 1.0-Inch (nominal) header, the
number of collectors per row should not exceed ten (10); for col-
lectors wlith a header slze of 1.25 to 1.50 inches dlameter (nom-
Inal), the number of collectors per row shall not exceed twelve
(12). These |Imlts are Imposed to malntaln good flow character-
[stics In the collectors and shall be adhered to. It Is also .
recommended that the desligner consult the manufacturers for thelr
recommendations regarding this. See Ref. 8 for a detailed dls-

cussion of collector flow characterlstics 1f desired. -
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Example
1. Requlired array area = 2,000 sq. ft. (aperature)
2. Selected collector has 40 sq. ft, aperature area per

col lector.

Therefore, the number of collectors required Is
2,000/40 = 50 collectors.

Selected collactor has a header slze of 1.5 Inch nomlnal,

Thersefore, assuming roof area permits, use five rows of tTen

collectors each In a single row arrangement.

Plpe Sizing
Once the collector rows and the overall array layout have been
completed, the designer can size the supply/return piping for the

solar loop.

Design of the piping system follows the same basic, conventional

design methods as those consldered generally accepted In

plumbing design. (See Ref, 9 and 10 for detalled discussions of

plplng design If desired). The following general design criteria

are to be used:
o] Fluid veloclitlies (water) In piplng shall not exceed 5.0 fps.
o Type "L" copper plping shall be used for all solar locop

plping with the exceptlon of indlrect swimming pool systems.

o All solder joints In the solar |oop shall be made with

sllver solder or 95/5 tin/antimony.
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Fig. 15 Is a graph showing pressure loss and veloclty relation-
ships for water flowing in copper tube. Use this graph to deter-
mine the appropriate pipe size, In using this graph and selecting
plpe slzes, the desligner must also consider the overall pipe

length (solar loop) and the effect of pipe slize on Total System

Head (TSH) requlirements. Sometimes slzing the piping sllightly

larger, say 1.5 Inch instead of 1.25 Inch, can have a signiflicant
effect on pump requirements. The Increased cost of the larger
pipe (and flittings) can be offset by the lower cost of the pump
and the lower, long~term operating expense (parasitic power re-
quirements). The effects of varlious pipe fittings are briefly

discussed In the valving and fitting section.

Ihermal Expansion Control (Piping)

Many of the exIsting systems evaluated have encountered problems
assocliated with thermal expanslion control. Spec!fically, thermal
expansion was not glven consideration In the layout of

collector arrays and plping systems and the resultant movement of
pipe (uncontrolled) caused damage to the system, In some cases
terminal, Therefore, all systems desligned using thls manual
shall| carefully consider thils probliem; it shal!l not be Ignored

nor left to the Installlng contractor "to allow for™,

The majority of solar energy systems designed using thls manual
will use copper pipe; therefore, the discussion of expansion
control In this section will use copper for all calculations

discussed. The rare system using steel pipe will be designed In

DR




Pressure loss and velocity relationships for water flowing in copper tube
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the same manner but will substitute the expansion coeffliclents of
that material. The same {s true for iIndlrect swimmlng pool

systems using PVC or CPVC pliping.

Expansion In solar energy system plplng Is more of a concern than
In most other piping systems because of the high dlurnal temper-
ature differentlials that can be expected. The desligner shall
base therma] expansion calculations on the largest differential
expected. Flig. 16 shows the expansion to be expected iIn copper
tube for a temperature differential range of zero to 350°F, ex~

pressed In Inches per 100 feet of plpe.

Once a basic equipment layout Is completed, the designer shall
analyze each sectlion of plping for expanslion control require-
ments, Obviously, some baslc englineering judgment Is necessary
here; expanslion In short runs of plpe can be accommodated In ef-
bows normally occurring between equlipment. Partlicular attention
should be paild to plplng Invelving pumps and coilectors; shifts
In pump allgnment caused by the uncontroiled thrust of expanding
pipe can cause significant damage In a short perliod to a pump

(bearings, seals, etc.).

Collector Row Expansion

Assembly of Internally manlfoided collectors 'In rows results In
the top and bottom headers becoming long, straight runs of plpe.
For example, eight 4.0 ft. wide coliectors In a row, with a 4.0

In. spaclng between each, results In a set of continuous headers
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Expansion (per 100 feet) vs. temperature change for copper tube

Expanslon {or Contraction) per 100 Feet, Inches
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FIG. 16 — PIPE EXPANSION AS A FUNCTION
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approximately 40 ft. long for each row. |f the deslgn temper-
ature dlfferentlial Is 150°*F, the expansion to be expected Is
roughly 0.6 inch, a significant amount, as calculated using Fig.

16.

Expanslion should be absorbed by anchoring each end of the col-
lector row and absorbing the expansion near the mid=-point. Fig.
14 and 15 Indicate an expanslon joint (bellows type) Installed
between the middle two collectors. In the example above, this
unlt would be selected to accept 0.6 inches of expansion,
Field~constructed expansion loops could also be used, although
they will add more to the overall length of the row than the
bellows. Expanslion |oop constructlion Is dlscussed In the next
section. Bellows used for expansion control In this manner
shogld be metal of the same type as the collector headers and
desligned to expand and contract in-line with the pipe. Do

not use nonmetalllc hose with hose clamps for this purpose,.

An alternate method for expanslion control In the collector row Is
to anchor the middle point of the row and absorb half the

calculated expansion at each end using flexlIble metallic hose

with solder type flttings.

In both cases, +the collectors themselves (absorbers and headers)
are moving iaterally on the support rack. Absorbers that are

rigldly attached to the collector box shall not be used.
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Pipalines

Expanslon In the varlous plpelline segments ls calculated accord-

A

ing to the length of plipe between pleces of equipment or anchor

Padl

polnts. These calculations should be made as soon as the baslc

5

system Is lald out so that space for expanslion control loops can
be allocated and proper valving can be Installed later. The fol~

lowing points shall be followed in expansion control deslign: p

e} Assume the worst case temperature differential

for design.

o) Avold design of expansion control that wlll trap
alr or prevent dralining of array (even for
closed-loop system).

o] Give preference to anchoring corners and absorbing
expansion at the midpoint where feasible. 7
Anchorling the mldpolnt and expandlng at the ends i
Is acceptable, |f necessary, but more troublesome

that the former method.

o Provide guldes as well as anchors to control the

dlrection of expansion.

~y

Once actual expansion has been calculated, the expansion loops

and/or expansion jolnts can be selected and desligned. Fig. 17 ]

shows a standard, fleld fabricated expanslon loop that Is slized

according to the speclfic application. As shown, the depth of
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the expansion looé should be approximately twice the width of the

loop because the actual expanslion and contraction Is absorbed iIn

these legs. The overall developed length (DL) of the loop where
DL = 2K + 2W + W or 5W

ls determined from Table V once the actual amount of expansion

is known.,

i Once the expanslon loop Is deslgned and located In the érray
plping, the deslgner must ensure that plpe guides, supports, and

anchors are designed and located such that the expanslion loop can

perform its intended functlon; expansion and contractlion must be
absorbed at the expanslon loop. Do not place anchors where

guldes should be.

Flg. 18 shows schematlcally the |ayout of expansion loops and
expanslion jolints In relation to pipe guldes and anchors for both
single and double installatlons. Double loops and/or jolnts are
used where there Is insufficlient room for a single loop or where
expansion Is greater than a single joint can accept. Note that a
pipe anchor must be placed midway between two loops or jolnts in

the same plpe sectlion,

Pipellines must also be supported throughout the array. Extra
care must be taken wlith this Item for dralnback systems to ensure
that the proper slope Is maintalned and no low points exlist in
the plping. Minimum requirements for piping supports are as

fol lows:
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Vertical: Secure at suffliclently close Intervals,
but not more than 10-foot Intervals, to keep plipe In
alignment and carry the welght of the plipe and

contents.

Horlzontal:
Screwed plpe~maximum support interval shall be 10 feet.

Copper tube - support copper tube at a maximum Interval

. of six feet for tube diameters of 1.5
Inch and smaller, and at a maximum

h
i Interval of 10 feet for tube diameters of

2 A tmmkas =
S 2.0 inches and larger.

Eluid Expansion

The solar energy systems described in this manual Include both
open and closed loop systems. Open loop systems In which the
heat transfer fluld Is drained from the collector array need not
be addressed when conslidering fluld expanslon control. During
normal operation, fluld expansion In these systems |s handled

Inherently by the system In the fcollowling manner:

1. Fiuld expansion Is absorbed In the atmospheric
(unpressurized) dralnback tank.

2. Excesslve pressure at the collectors, If it
occurs, |Is released through the PRV at each

collector row.
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Closed loop systems that use only water as the heat transfer
fluid (direct recirculation) must address fluld expansion but
only In the pormal operating range (< 180°F); expansion control
need not be designed to handle stagnation. Stagnation-generated
pressures are handled by the PRVs, and lost fluld Is replaced

through automatic water make~up valves.

Fluld expanslon control becomes a critical design lIssue, however,
when addressing closed loop systems using water/glycol mix~-
tures for the heat transfer fluld. Reasons for thls are

twofold:

1. Glycol mixtures and the related maintenance
labor to replace mix lost through PRV venting
are hlgh cost items.

2. lf lost fluld Is not replaced with the proper
water/glycol mixture (normaiiy 50/50), freeze
protection will be reduced or lost, and system

damage may occur.

The majority of axlsting, closed loop glycol systems examlned In
the field were operating at a rough average of 10% glycol Instead
of 50% because of make-up of lost fluid with water only. Also,

many nonoperational systems were caused by lack of fluld.

Standard calculations, shown In this manual are available for

determining the proper size of system expansion tanks. However,

standard procedure is to size the expansjon tank for normal
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operating condltions only: stagnation temperatures and pressures ..
are not consldered. For non-glycol, closed loop systems thlis Is
the proper procedure, and stagnatlon conditlons are handled by
venting through the PRV. Thls Is not the case for closed loop

glycol systems. Glycol systems should have expansion tanks de-

signed to handle fluld expanslion at stagnation conditions.

Slzing Procedure

The equatlion for slzing expanslion tanks Is as follows:

Vy = (0.00041T7-0.0466) Vs/(Pa/Pf‘Pa/po)
where,
V¢ = minimum expansion tank volume, gallons
Vg = sysfem volume, gallons
T = maximum average operating temperature, °F
Pa = Pressure in expansion tank when water

first enters, f+. of water-absolute
Pf = jnitial fill or minimum pressure at tank,
ft. of water-absolute
P = maxImum operating pressure (including pumping

head) at tank, ft. of water-absolute.

For closed loop, non-glycol systems, the values for equation vari-
ables should be determined for normal operating conditions, as
stated previously. For example, the normal operating conditlons

for a direct recirculation system would probably be ambient
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temperature to 180°'F, based on upper |Imlt temperature control
settings. Therefore, P, would be the pressure of water at a

temperature of 180°F plus pump pressure.

For calculation of the expansion tank slze for closed loop glycol .
systems, deslign conditlons should be chosen for stagnatlion. That .-
Is, system temperatures during stagnation (no flow) can approach
300°F for the type of flat-plate collector required by this man-

ual. Therefore, the maximum pressure varliable, P

o» In the -

equatlion should be set for the pressure of the water/glycol mix
at thils point (see Fig. 19). As shown in Fig. 19, the vapor
pressures of water/glycol mixes are slilightly lower than those for
water, and the desligner may, |f deslred, use standard steam
tables for a sllightly more conservative design. Consult Ref, 11
for a more detalled discussion of water/glycd!l mixes [f desired.
Pﬁmp pressure need not be added to this because the pump is
Inoperative at this tIime. System control logic should not allow
pump restart until collector temperatures drop beiow the upper

IImlt setting (normally 180°F).

System volume Is calculated by summing the volumes of all plpling
and equlipment In the loop, Including the collectors and heat
exchangers. Physlcal data for varlious types and slzes of plpe are
contained In Ref. 9 and 10, If necessary, approximatlions can be
made for plping volume, The Initial pressure varlable, Per will
vary depending on system type and flll procedures. A direct

reclirculatlion system operates at Incoming water service pressure,
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normally around 60 pslg unless pressure reducling valves are used.
For glyco!l mixtures this pressure should be equal *o the output
pressure (discharge) of the flll pump (which can be the solar
loop pump) but should not be less than the vapor pressure of the
water/glycol mixture at amblient conditlons.

P the maxlmum operating pressure, should be equal to the

ol

corresponding fluld pressure at

o] Nonglycol = normal operating temperature.

o Glycol mix stagnation temperature.

For nonglycol systems, P, should not exceed the PRY release

pressure.

P the pressure In the expansion tank when water first enters,

a)

will normally be atmospheric pressure at the location.

Expansion tank slze for large systems (> 1000 gal.) operating
at Pa = atmospherlic pressure can also be determlined by using the

nomograph of Flg. 20.

Instructions for use of this nomograph are as follows:

1. Extend 2 llne from the value of P, through

the value of Pf to reference !ine 1.

2. FfFrom this point extend a Ilne through the

value of T to reference lline 2.
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3. From thls polnt on reference llne 2, extend
a llne to the value of Vs.
4, Read the value of Vf where this |lne crosses

the Vf scale.

Standard procedure for expansion tank design normally lncorpo-
rates a safety factor Increase In slze of 10 to 50%. A safety
factor of 20-25% should be used for thls manual. Therefore,
expansion tank volumes calculated should be multiplied by 1.20 or

1.25 for flinal slzing.

Location of the expanslon tank In the system Is also [mportant.
The tank should be located on the suction side of the solar loop
pump. This location will help prevent pump cavitation. It Is
also acceptable to design two separate expansion tanks for use In
closed loop glycol systems In which the collector array Is a
significant distance from the mechanlcal room. The primary ex-
panslon tank would be In the mechanlcal room on the suction slde
of the pump and sized for the normal operating range of the
system. The secondary expansion tank would be at the collector
array (outlet side) and slzed for the dlfference between normal
operation and stagnation point expansion. Flg. 21 [s a simple

schematic for both a single and double tank system.

Expanslion tanks used In these solar systems shall be the type
using Internal bladders., These bladders should always be con-

structed of EPDM rubber to wlithstand the high temperature

86
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experlencéd during system stagnation. The majorlity of systems
can be handled by off-the-shelf expansion tanks. When the ex-
pansion tank requlred Is larger than those avallable with blad~-
ders, use Two or more expansion tanks of equal slze Instead of a

single custom bullt tank wlthout a bladder.

As shown [n Fig. 21, a PRY Is required as part of the expansion
tank system., The pressure release setpoint of the PRY should be
higher than the pressure generated by the fluld at stagnation but
lower than the allowable working pressure of the system. Most
(not all) flat-plate collectors are rated at 125 pslig, while a
50% glycol mix generates roughly 80 psig at 300°F. Therefore, a
recommended PRY setting would be 100-110 psi. PRYs Installed on
collector rows should be set at the same polnt. Ref. 9 and 12
may be studied [f the designer wishes a more detailed analysis of

expansion tank systems.

Storage Tank and Piping

Most of the system designs In this manual requlire the use of a
pressurized storage tank for solar storage. The drainback system
uses an open, vented dralnback tank wlith a pressurlized storaged
tank, while the swimming pool systems use the swimming pool it-

self for stcrage.

Oesign of a pressurized storage tank [s more a case of selectling

a tank than actually designing [+, Most tank manufacturers pro-

vide catalogs or data sheets for the varlous stock tanks they
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produce. The system desligner should use an off-the-shelf product

as a matter of practice to minimize cost, The majority of stock é
pressure vessels sold come in a varlety of sizes and configura- .
tlions for the same volume., For example, a 2,000 gallon tank é
could be obtalned in a2 6.0 tt. diameter by 10.0 ft. long tank, an E
8.0 ¥t. dlameter by 6.0 ft. long tank, or a 4.0 ft. by 22.0 ft. '
tank. Obviously, a 4.0 ft. x 22.0 ft. tank Is not appropriate E:
and a certaln amount of engineering judgment should be used. The ::
X following selection criteria should be used In selecting a =
?T storage tank for the system:
- 1. Use "stock" pressure vessel(s. 0o not require a
custom-bullt tank to meet an exact storage volume. .
; A 1,920 gallon custom=built tank can be replaced
with a 2,000 galion off-the-shelf unit that will -
. do just as well,
2. The designer should select 2 tank with a length-to-
wldth ratlo as close to 2:1 as posslible. Avall-
ablility of sizes and mechanlcal room space will
greatly affect thls.
3., Tanks should be vertically mounted if possible. i
This, coupled with the second criterlon will i
¥ take advantage of natural stratiflcation to .
slightly enhance overal] system performance, ;
:
4. All pressure vessels shall have an access manway
for maintenance. ﬁ
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5. All pressurlzed tanks shall be constructed to meet
ASME pressure vessel code and shall be stamped wlth

an ASME pressure vessel stamp where requlired.

6. All pressurlized steel tanks shall be |ined wlth
nonteoxlc, low soluble cement to a thickness of
0.25 to 0.375 Inches.,

The cement shall have the same coefflclent of

expansion as the steel shell.

The most crucial Item for the solar storage tank, especially
pressure vessels, Is the size and location of piplng and Instru-
ment penetrations. Most tank manufactures allow options in pene-
trations for their stock fanks.. The following criteria shall

be used In tank penetration selection:

1. Tank penetratlions for sclar supply and return shall
be the same size as the supply/return piping or

larger.,

2. Separate penetratlions for a manual tank draln and

pressure rellef shall be Iincluded.

3. A minimum of two temperature senscr wells, In
addition to visual thermometer wells, shall be
required. One sensor well shall be near the top

and one near the bottom.

90
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A
4, All tanks shall have penetrations for Instailation f
of a visual level gauge. The level gauge should :
cover at least the top half of the tank.
The pliping for both the solar loop and the load Interface should :
be such that short-clrculting between supply and return be R
avolded. Fig. 22 shows the arrangement for supply and return f
loops for both a vertical and horizontal tank. As shown, the
arrangement of the supply and return loops prevents hydraullc
short clrcuilts from occurring. The hottest fluld Is also :
dellvered to the top of the tank by the solar loop and removed
from the top by the {oad loop; the coldest fluid Is sent to the -
collectors from the bottom of the tank. %
Yalving and Flttings
Valving of the system is an important but often negl!ected area of E
design for the solar energy system. The most Important functlons i;
of valves are the following three areas: =
1. lsolation of equlipment for scheduled malintenance
or replacement;
2. Flow control, manual or automatic; and
3. Protectlon, Including manual and/or automatl!c Ny
venting or dralinling. .f
A
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It Is necessary to locate and select the type of the majority of
valves before the system pump can be sized because of the fric-
tion losses (head) assoclated with varlous valves, Obviously,
this does not apply to valves In normally nonflowlng lines such as

pressure rellef, dralns, or vents,

The following equlipment shall be equipped with valves for

isolation:

e} Collector rows,

o} Pumps,

o] Storage and/or drainback tanks,

o} Heat exchangers,

o Backup heaters,

o) Expansion tanks,

o fnstruments and gauges (not necessary for instru-

ments installed In wells),
o Make-up water systems, and

o Straliners and/or fllters,

The foilowling equlipment shall be equipped with valves for

fiow control and draining:

o Solar loop pump (flow control),
o) Collector raws (drain),
o Storage and/or drainback tanks (drain),
o Collector supply/return loop (fil] & drain), and
o] Expansion tanks (drain),
93

...........................

T . -7 A . - <. AR . el e e . . -
PR ST I e T W P L ety e A O A VN O A AR T e e T R N
e T CEUEUS VTS T Y SO IR W VTR TN SV VL VS DL U VY W VRV




N - LR - DR - - - - . . B T - - . - - - - . - h» ~ Ve Ve » L -rt.r- r- v’.. ru . r-

oW N 2N NE stic s sty

-

The following equipment shall be equlpped with valves for
protection:
o Collector rows - pressure rellef valve (PRY),
o Storage tank = PRV at top and pressure/temper-
ature relief valve (PTRV) for overtemperature
draining, and

o Any other heat producling equlipment,

The Isolation valves on the varlous pieces of equlpment are

primarily for Isolating the equipment without dralining the sys-

tem, for malintenance or replacement. Ball valves should be used
for this appllication as well as the flllling and draining appll-
catlions., |+ can be determined at a giance, whether a ball vaive
Is ocpened or closed. In additlion, ball valves have extremely

short stems compared wlith other types of valves, and heat loss

from the exposed stem surface Is minimized.

Tablie VI indlicates the varlous general types of valves and thelir
most applicable functions., This table Is not Intended to dictate
valve function but to provide a gulide for selectlion. Concurrent
wlth the use of Table V, the designer must consider the pressure
loss assoclated with varlous types of valves and flittings and
thelr effects on pump sizing. Table VIl lists the equivalent
lengths In plpe dlameters for the varlous valve types and fl+t=-
tings used. As shown, selection of valve types can cause sig-
niflcant varlations In total pressure drop and dlrectly affect

pump selection.

94
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Particular emphasis should be palid to valving of the solar loop
pump. Thls pump should be valved for the throttliing functlion
first and the Isolation functlon second. All solar |oops should
Include a visual flowmeter to determine the approxlimate flow-
rate. A throttliing valve should be used to allow adjustment of
The solar toop pump output,

FiIttings within the sytems shouod specifically Include the use of
dielectric unlions wherever dissimilar metals are joined in the

fluid system. This Includes pumps, valves, other fittlings and

plping.

Pump Selection

Selection of a pump (solar loop) Is a key Issue In the design
process but must, of necessity, be one of the final items accom-
plished. To prcoperiy select a pump the designer must have

the following Informatlion:

o Reculired flowrate,

o Complete system plplng layout,

) Operating temperature, and F
o Flufd characteristics. ,{

Selection of a pump is based primarily on the flrst two Items
above, assuming the following: v
1. Operating temperatures are not extreme. Because

this manual does not address high temperature

systems, this Is not an lIssue,
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2. The operating fluld Is elther water or water/glycol

mixture. lf other flulds were used, such as heat f
transfer ofls (not allowed In thls manual), fluld

viscaosity as a function of temperature would be

e I R TV R ]

critical,

System flowrate was determined based upon array slize In a prior

? section. Valving, plping, and layout have also been addressed.
At this polint, the designer must calculate the TSH in feet of
water that must be handled by the soiar foop pump, Including both

statlc and dynamic (friction loss) head.

The dynamlic head Is calculated by summling the frictlcn Josses
and/or pressure drops assoclated with all the equipment (collec-
tors, tanks, etc.), plping, valves, and flttings In the system.
The static head Is calculated by determining the difference be-
tween the static discharge head required and the suctlon head

avajlable to the pump.

Systems covered in thlis manual are baslcally of two types: open ;
loop and closed |oop. In an open loop system, the statlic head Is
a8 critical Issue because the pump must overcome the static head
requirement each time the pump [s activated. For example, an
open loop system with the collector array 40 feet above the pump
and storage tank must overcome the 40 ft. head each time the pump
ls activated, whereas the same system In a closed locop need oniy
address the dynamlic head because the vertical plping remalns full

durlng pump off perliods. The designer should note that the sta-

p -




tic head Is an open loop system that must be overcome but need
not be overcome at the desjign flowrate, Once the system (pipling)
Is full, the static head drops off, and the system operates |lke

a closed loop. Therefore, the pump must only handie the static

head Inltlally,

Once the flowrate and head requirements are established, a spe-
ciflc pump can be selected., The following parameters are also

recommended In actual selection:

o Centrlfugal pumps should be used wherever
posslible.
o] All wetted surfaces should be brass, bronze,

or stalnless steel.

e} End-suction, close-coupled preferred but not
required.
(o) Staging (serles flow) of pumps |s acceptable and

has the advantage of redundancy but at sllightly

higher inltial cost.

Staging of pumps Is an acceptable standard practice and has cer=-
taln advantages and dlsadvantages over single pump systems. Dual
pumps prov!ide a measure of rellabllity to the system (redundancy)
that should be considered., A two-pump system allows the solar

loop to continue flowing If one pump falls (normally at half the
design flowrate), and stagnation can be avolded. The dlsadvan-

tages to a dual pump system are higher [nitial cost and possibly

higher malntenance cost.

100
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!f a dual pump system Is used, each pump should be capable of
pumping roughly half the design flow at the TSH required. |If
nelther of the two pumps working alone can overcome the TSH aft

reduced flow, there Is no gain In rellabllity with two pumps.

Both pumps should be controlled by the same slignal. That Is,
both pumps should be activated and deactivated at the same time.
Do not complicate the control logic by controlling one pump wlth
one set of condlitions and the second pump with a different set of
conditlions. Keep the controls as simple and stralghtforward as

possible.

As stated, pumps for closed-loop systems can be slzed for the
dynamic head of the system source once they are filled. The
static head need not be addressed. An additional aspect Is that
the Initial fllling of the system or refilling after manual
draining for maintenances. If the selected solar loop pump [s not
capable of overcoming the static head (It need not be at the
design flowrate), a2 booster fll! pump should be designed Into the
system. This pump should be a low-flow, high-head pump sized to
just overcome the statlic head of the system for flillng. Pro-
viding a connectlion for a pump to be brought to the site and
connected to the system for the sole purpose of fllling Is pos-
sible but time-consuming and actually more costly (maintenance

time) than having a permanent fill booster pump.




e v -
N T e T T T T T T LI MRS M s B i m - a  a a

Fig. 23 shows schematically the layout for a fiil booster pump.
As shown, the booster pump [s Installed on the suctlion slide of
the soclar |oop pump. In thls arrangement, the booster pump must
provide only the difference between the static head of the system

and the static head that the solar (oop pump Is capable of providing

Jtself., For example, a closed loop glycol system has a static
head of 50 ft+., and the selected solar f(ocop pump Is capable of

producing 25 ft. of head at some fraction of the design flowrate.
_ Therefore, the flll booster pump should be sized to provide a

! minimum of 25 f+. of head at that flowrate. In this case, the

booster pump Is simply Increasing the poslitive suction head to

the solar loop pump.

Controls for the flll booster pump should be manual only, as It
Is only u;ed occaslonally for fllling the system. Also, as shown
In the schematic, a small tank for the éolar locp fluid Is
deslirable (55 gal., drum or similar contalner) but [s not required
1f space s at a premium, In this case, a drum of premixed fluld

can be brought In for this purpose and then removed.

Heat Exchangers

All but two of the systems described [In this manual require a
heat exchanger on elther the solar [ocop or toad loop. Proper
selecticon of a heat exchanger Is cruclal to ensure that collected

solar energy Is transferred to storage and/or the load.
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For thls manual, the followling heat exchanger types and para-
meters should be used:

o] Shell=-and-tube or plate type;

o Counterflow, parallel-counterfiow or 2-4

multlipass counterflow only; and

o] Heat exchangers for swimming pools shall be
constructed of cupronickel or stalnless steel

where wetted by poolwater,

Extra care must be taken In slzing heat exchangers for solar
energy systems because, unllke most other heating systems, the
level of energy to be transferred (BTUH) varies widely durlng
normal operation., A partlicular slzing technique that lends It-
selt well to thlis application Is the NTU Method (Number of Trans-
fer Unlts) since spaclfic (fixed) Inlet/outlet temperatures are %
not required. Baslically, the NTJ method eliminates the Iterative .
calculatlions necessary wlith the log-mean-temperature-difference

(LMTD) approach by using a method based on the effectiveness

of the heat exchanger In transferring a gliven amount of heat.

This method also Is advantageous In comparing varlous types of

heat exchangers to meet a speciflc objective,

To use the NTU method for sizing heat exchangers, the followling

assumptions and calculation procedures are shown:

P WAL ST R, G TV I




Assumptions .

3 1. The hottest fluld will always be the solar loop
fluid for heat exchangers between the solar |oop "

and storage and shall always be the storage tank E

fluid for heat exchangers between solar storage ::

and the load. p

¥ 2. The cold fluid will be the other fluld (storage _

or load) relative to assumptlon 1.

These assumptions are based on the premise that the heat exchang-
er beling designed will not be in operation unless the solar loop
I's hotter than storage or storage Is hotter than the load (con-

trol logic requlrement). X

The next step In the NTU method Is to calculate the capacity
rates for both fluids In the heat exchanger. To obtain good
performance from the heat exchanger, the capaclty rate for the
hottest fluid should be less than the capaclty rate for the cold
fluid to ensure that a maxImum amount of energy Is transferred.

Therefore, the capacity rates for the two flulds are deflned as

CMIN m ¢ (hot fluid) and,

P
CMAX = m < (cold fluid)
where, :;
m = mass flow rate, Ibs. per hr. 2
cp = gspecliflc heat, Btu/lb *F

“’l( ’
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For a heat exchanger between the collectors and storage, as In a

closed loop glycol system, CMIN Is easliy calculated from the

collector loop flowrate, previously speclfied, and the

specliflic heat of the water/glycol mixture. At this polnt, the

flowrate between the storage tank and the heat exchanger (cold

fluld) has yet to be deflined and can now be properly determined.

CMAX should be greater than CMIN for good performance., CMAX

should be designed to equal 1,25 to 2.0 times the value of CMIN, or
1.25 CMIN < CMAX < 2.0 CMIN

The cold fluld should never have a capacity rate less than that

of the hot fluld!

For a heat exchanger located between the solar storage tank and
the thermal {oad, the requirements are the same, but the approach
Is reversed. For this sltuatlion the procedure would be
. Calcuiate CMAX - the load flowrate should already
be known 2t this polnt. Exerclse care regarding
fluid specific heat for process l|oads because It may
not be water on the load side of this exchanger.
2. Calculate CMIN - dlvide CMAX by a value of 1.25 to
2.0 to determine CMIN,
3. Uslng the specliflic heat of the solar storage fluld
calcuiate the requlired flowrate from the storage

tank to the heat exchanger (hot side).

Next, calculate the ratlo of CMIN to CMAX from the values
determined above,

CMIN/CMAX = ratio
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The value of thls ratio should fall between zero and one.

Once a ratlo for CMIN/CMAX has been determined, the designer can
begin to calculate the approximate surface area requlred for the
heat exchanger. Agaln, some assumptions and/or englneerling
judgment are required. These are
1. The overall heat transfer coefflclent for the

types of heat exchangers belng conslidered will

be approximately

a., Water-to-water, U = 250 Btu/sq. ft.- °*F - hr.

b. Water-to-water/glycol, U = 200 Btu/sq. ft.-

'F - hl".

These represent falriy conservative U factors for heat
exchangers and Iinclude a foullng or dirt factor of

0.003.

2. The desligner should calculate the surtace area
required on the baslis of the heat exchanger

effectiveness, E, belng In the range of 60-80%.

At thls polint, the followlng Information has been calculated or
determined:

CMIN,

CMAX,

CMIN/CMAX,

U factor, and

effectlveness, E.
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Now refer to Flg. 24 through 26 for the general performance

curves of the various heat exchangers. To use the curves to

B4 O

calculate the surface area requlired, use the following steps:
1. Locate the applicable CMIN/CMAX curve,
i 2. Select a value of E between 60 and 80%.
2 3. Locate the Intersection of the selected
effectlveness |ine and the CMIN/CMAX curve.
l 4. Follow the verticai Ilne from this Intersection
down to determine the NTU.
5. Calculate the approximate surface area usling the
h equatlon
N A = CMIN [(NTU)/U]

A more complete discussion of the NTU method can be found In

Ref. 13,

The collector/storage heat exchanger Is critlical to the overall
performance of the system, If this heat exchanger I|s underslized,
the traasfer of energy from the collectors to storage can be
severly restricted. Because the heat exchanger Is a minor cost

item compared to other components, relatively i1ttle effort is

normally spent on Its design.
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The true economics of the solar energy system Is based upon the
premice that a maxImum amount of the solar energy collected Is
dellvered to the thermal load belng addressed. Collecting thermal
energy with a solar system Involves considerable Initial expense,
and, therefore, as much of that energy as possible should be
retalned by lInsulating the system. Thls does not mean, however,
that the designer should use the thickest possible lnsulation,
because there |s a polnt where the additional cost of thicker
Insulation Is higher than the value of the energy saved over the
ITfetime of the system. Increasing the amount of Insulation on a
hot surface decreases the amount of energy lost from that
surface, and it reduces accordingly the amount of energy fthas
would otherwise have to be made up by addltlonal collecter area
or by an auxilliary source. The effect Is Inversely logarithmic,
however, so each addltional Increment of Insulation saves |ess
energy than the one before. To thls decreasling cost of Jost
energy, we must add the Increasing cost of the Insulation Itself.
The total cost exhliblits a minimum value at scme optimal [n=-

sulation thickness.

Historlcally, solar system desligners have trled to calculate the
optimum Insulation thickness for plping and storage tanks using
l1te=cycle costing technigques. Although this Is the preferred
method, the designer does not always have rellable economic data
avallable (l.e., long=term fuel costs) for this analysis,
Therefore, because It |s outside the scope of thls manual to

attempt to provide this data, the following design criterla are

112
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provided as a minimum for use by the desligner. The folliowling
Insulatlion R valued are recommended for use In the system

design:

Piping < 1.0 inch normal dlameter, R 2 4 ~

Piping > 1.0 Inch normal diameter, R 2 6

Storage tanks < 140°F (average), R 2 30

Storage tanks > 140°'F (average), R > 40

Designers who are unsure of the temperature parameter (average)
for storage tanks In these sclar energy systems may use the
following default values In theilr calculations. These defaul+t

values are:

DHW - 130-140°F
Space Heat ~- 140-150°F
Space Cool =~ 170-190°F
| PH - 140-150°F

Note that these are default values only, especially with 1PH

systems which may be applied at virtually any temperature.

For storage tanks, the designer should base calculatlion of re-
quired Insulation on the criteria that heat loss from storage be
limited to five percent In a 12 hour perlod. The storage ca-
paclty of the tank can be calculated by the equation

Capaclty = Mcp 0T

where,

...................
.........




M = mass of stored fluld, Ibs
Cp = speclflic heat of fluid, Btu/lb °F

DT = temperature differential, *F (T,-T,)

Note that the upper operating temperature of the tank should be
the overtemperature setting of the control system, normally
180-195°*F, The lower temperature should be the minlmum useful

temperature of the tank.

A varlety of Insulating materials can be used to Insulate both

plping and storage tanks. R values for some common materials are

given In Table VI,
TABLE VYIi11
JNSULATION R YALUES
Material R Value Max, Temp.,

(per Inch) *F
Calcium Silicate 2.44 1200
Cellular Glass 2.10 800
Flberglass, board 3.03 400
Fiberglass, plpe 3.45 350
Polystyrene, extruded 5.00 170
Polyureathane 6.25 210
Foam Rubber 4,35 150

In selecting a particular insulation for the job, the designer
must be careful to ensure that the best Insulatlion for the
appllication Is used. For example, a closed-cell foam type Is
better for outdoor appllication that fiberglass unless the
fiberglass Is adequately protected from becoming wet. The
following general criterla can be used In selecting types of

insulatlon:

............ -. . _ T e e s
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o Closed-cell foam (molded);
. o Mineral fiber (molded);
3 o Calclium sillicate (molded);
: o] Insulate fittings, jolnts, and valves; and
o Finish with glass cloth, PYC jacket, canvas,

aluminum or stainless steel Jacket.

Plping=Exterior
o] Closed~-cell|l foam (moided), UV Inhibited;
o Mineral fiber (molded) - definlte second
choice to closed-cell| foam;
o) Insulate all fittlings, jolints and valves; and
o] Finish with aluminum or stalnless stee! jacket

with vapor barrier. Locate ail seams on

bottom of plipling.

Blplng-Underground -
° Closed=-cel ! foam (moided) with vapor barrier .ﬁ
Jacket and petroleum based (asphaltlic) K

K

exterior coating; .

o Inert, Iinorganic, nontoxic and nonflammable .
granular Insulatlion In trench .

n

-' l' 4. ’




Finallize lLoad Interface

The solar energy system must be properly Interfaced with the
thermal load It Is to address for a truly successful design. The
Interface should be desligned to maximize the use of solar energy
whlile minimlzing the control requirements. The Interface of the
solar system and the load (or conventlional heating system) Is &
frequently neglected area of deslign., Often the solar system
designer and the conventlonal mechanical system desligner are not
the same person, and each mistakenly assumes that the other Is
designling the interface. To avoid thls problem, the solar system
deslgner shall design the actual Jnterface and coordinate with

the conventlional mechanical system designer.

System Interface was discussed briefly In Chapter IV - Schematic
Design. As shown, DHW systems can be simply addressed In elther
8 dlrect preheat (Fig. 9) or a parallel, Indlrect system (Fig.
10). In both these cases, a three-way valve controls the
interface of solar with conventional. These three-way valves
should be thermostatically controlled, self-adjusting valves,

Do not use electricaliy or pneumatically controlled solenclid

valves [f possible,

The designer must be extremely careful at thls point to ensure
that the actual hot water In the DHW supply Is limlited to
120-125°F to prevent scalding of users, Thls can easlly be
accomplished by mixing valves at the interface. (o not,

however, |Imit the solar storage tank to these temperatures.

el o2’
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Space heating systems can be connected in a variety of ways to
the load, depending on the type of mechanical system used. In
Interfacing the solar system with the conventional space heating

system, the following criteria should be conslidered:

1. The sclar system can address only the load defined
by the temperature difference between the heatling
system supply and return., For example, a hot
water coll has a supply temperature of 140°*F and a
return temperature of 120°F. Therefore, the solar
system can address only this 20°F differentlial and
solar storage temperatures below 120°‘F are not
useful. Because of this, the [nterface control
must bypass solar lf.solar storage Is below the

return temperature of the heating system,

2. Avold an interface design In which the conventional
back-up heater Is required to maintaln the solar
storage tank at some threshold temperature; the
solar storage tank should be heated only by the

solar system,

3. The Interface design must aliow the solar system
to address the load hefore the conventional
heating system does. That Is, In a supply/return
heating loop, the solar Interface should occur
betore the return reaches the conventional heating

unlit.
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In a combination SH/DHW system the following criterla also apply:

1. Address the highest quality load (highest temper-

ature) first to ensure maximum use of solar.

PR AR

2. Control logic and/or plping of the Interface
should be such that the heating system (conven- g
tional) Is not required to operate for

the solar system to address the DHW locad.

3., Do not allow the solar system to provide hot
water exceeding 120~125°F directly to DHW

fIxtures. Provide thermostatic mixing at the

=+

interface to protect users from scalding. .
. Do ngot, however, Iimit the solar storage

tank to these |ower temperatures.

Space coollng (SC) and SWP systems shall be Interfaced as shown
In the system schematics of Chapter |, The SWP system types are
defined by the type of Interface used (dlrect or indirect), and
the SC system should be such that the solar system can be

dlsconnected from the coollng system without Interrupting service.

The Interface requirements for |PH are dependent on the process
heat system requlrements, The most important interface parameter

to conslider here Is the process locad schedulae. lf the process O




to 5:00 pm, the solar system can be Interfaced as [f It were just
another heatling unit, and the storage tank can be elimlnated
completely or reduced to a buffer tank that stores only one to

two hours' worth of collected energy.

Finallze Control System

The flnal control system deslign should be done as essentially the
last Item |In the Deslgn Development phase to allow the desligner
to view the system as a whole and to avoid coordlination protiems

generated by a changlng design.

As discussed In the Schematic Deslign sectlon, the control system
should be as simple as possible for minimal downtime and
malintenance. The following Items should be finallzed before the
control system design Is completed:

© Baslc system type (i.e. closed loop, drainback,

etc.),
o Baslc equipment selection and sizing,
© Array and equlpment layout, and

o Load Interface.

The followlng steps are recommended In flna! control system
deslign:
1. Deflne the control loglc needed to operate +the
system:
o Differential "on" and "off" settlings

for the type of system selected as deflned

In Schematic Design.
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Define all equlpment to be controlled such
as pump(s), valve(s), etc.

Define the control logic for safety oper-
atlions such as high=Ilimits or recirculating

freeze protectlion,

Select an off-the=shelf contro! unit+ that will

accompliish the control loglic defined In I[tem

one above. The selected control uni{t should have

the following characterlistics:

o

Off-the-shelf avaitabillity - Do not allow

custom control Installations. Experlence

has shown that custom controls are the

leading cause of nonoperating systems., An

of f-the-shelf unit at a cost of §500-600 can
also simply be replaced more economicaily than
repalrs to custom equlpment,

Solld-state, self-dlagnostic for sensor fallure
with LED dlglital or analog gauge dlsplay - a
number of commerclally available sollid-statse
control units will indicate this by means of a
flashing dligital display when shorted or open. As
an example, one unit wlll display the value "32"
for shorted sensors and "212" for open sensors
as an Intermittent flashing.

Use control units with 10K ohm thermlistor

sensors or nickel=platinum probes.

Control units and sensors should be of the
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same manufacturer and be factory-callbrated.

o The manufacturer of the selected unit shall
have been engaged in the manufacture of control
units for a minimum perlod of at least three
years and shall have a trouble-shooting service

accesslible by phone.

2., Produce a basic control schematic - Show the basic
system schematic with all ;qulpmenf to be
controiled and/or monitored by the control system.
Show this equlipment as physlically wired to the
control unlt In a manner similar to the baslic
system schematics of Chapter |1l - System
Selection, Ilf the power requlrement of pumps or
valves cannot be switched directly by the control

unlt, define the electrical relays necessary to

accomplish the switching and show this schematically.

4. As part of the flnal control system design, the
designer must also address the loglc requlired for
the system interface, as dlscussed in the previcus

section.

5. Descrlbe the location and Installation of the
control unit and sensors completely. The control
unit, for example, shall be mounted In an easlly
accessible location In the mechanical room. The

collector sensor shall be mounted between two
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collectors, In the upper header (outiet), In the
row closest to the mechanical room and shall not
be shadowed at any tIime., See Chapter VI - Con-
structlon Documents for detalls of Installation.
The storage sensor shall be located directly In
the storage tank In the upper quadrant. Use a

temperature sensor well for pressurfzed tanks.

I At the completion of thls sectlon, the followling shall have been

completed regarding the control system:

’ o A well] defined controcl loglc establlshed.
E o Layout of the controls and controlled and/or
monitored equipment shown schematically.

! o Details of installation glven,

I A flinal point to be addressed here Is the delegation of
responsibility between the solar system contractor and the
electrical contractor for the control system. Because the solar
system controls are an Integral part of the soiar system, the
following delegation of responslblliity Is recommended and should

be cleariy deflined In the constructlion documents:

1. The solar system contractor shall
a. Furnish and Instail the control unit as
speclftled;
b. Furnish and instali the control sensors

as specifliead;
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¢. Furnlsh control wiring (controller to
sensor pigtaills) to electrical contractor;

d. Furnish any power relays required to
electrical contractor;

e@. Make final connections of control wiring
to sensors and control unit; and

f. Perform final checkout of controls.

2. The electrical contractor shall
a, Furnish and Install all condult required
for power and/or control wirlng;
b. Install wiring and relays provided by
solar system contractor; and
c. Furnish and Install all electrical power
requirements (materlial and labor) for

controls and/or controlled equipment, as

requlired, Including flnal connectlions.
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CHECK
[ TEM YES NO

1., Did Scope of Work changes affect thermal loads
2. |f so, were thermal |cads recalculated

3. Dlc thermal locads change more than * 10%

4, [f Item #3 was yes was, array slze recalculated
s

6

1
11

. Is solar storage tank Jocated underground
. Hose bibb and electrical receptacle on roof or

near ground mounted a-ray

7. Reverse-return manifolding used

8. If i1tem #7 Is no, dlId the project manager
authorize, In wrliting, thls variance

9. |If mechanical flow contro! devices were used, did
these conform with requirements of thls manual

10. Does collector row layout conform with Fig., 13
or 14

1., 1.0 In, header - does number of collectors
exceed 8

12. 1.25=-1.5 Iin. header - does number of collectors
exceed !0

13, Do plping fluid veloclties exceed 5.0 fps

14, 1s plipling type "L" copper (except Indirect pools)

& 15, Solder jolnts specifled as slilver or 95/5 solder

16, Does deslign Include plpe thermal expanslion control

17. Is fluid expansion addressed

18. Expanslion tank Is "bladder" type

19, PRV is set between pressure of fluid at stagna-
tlon and worklng pressure ¢f system

20. Expanslon tank in mechanical room s [ocated on
suction side of pump

21. Pressurlized tank Is off-the-shel f

22, Length-to-wldth ratloc approximately 2:1

23, Pressure vesseal has access manway

24, Pressure vessel wil] have ASME stamp

25. |t a steel tank is used, Is It llned with
nontoxlc, low soluable cement (0.25 to 0.375 In.)

26. Tank has a min., of two temperature sensor wells,
a PRY and a level gauge

27. Tank pliplng connections shall be as shown or
similar to Flg. 22

28. Fluld from collectors at top of tank

29. Fluld to collectors at bottom of tank

30. |s approprlate equipment valved for lsolation

31. Are necessary throttilng valves shown

32. Flll/drain valve shown for solar loop

33. Is solar loop pump centrifugal type

v,—'?v-v'f' —

T
T
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CHECKLIST (Con't)

34, For open loop systems, can pump overcome the
statlc head

35, For closed loop system, can pump overcome the
Inftial fill static head

36. It Item #38 Is no, Is a fill/boost pump shown

37. |s the pump's wetted surfaces brass, bronze, or
stainless steel

38. If a dual pump system [s used can one pump provlide
roughly half the flow at the head requlred

39. Is a heat exchanger used between collectors and
storage or between storage and the load

, (1F NOT, SKIP TO QUESTION 48)

40. |Is the heat exchanger shel|l-and-tube or plate type
41, Is it a counterflow, paraifel-counterflow, or

i multipass counterflow

. 42, For an Indlirect swimming pool system Is the
surface wetted by poolwater cupronickel or
stalnless steel

43. |s the capaclty rate, as deflned In this chapter,
for CMIN less than that of CMAX.

44, |s heat exchanger effectiveness between 60 and 80%

45. For piplng £ 1.0 In., dla. Is the Insulation R
value 2 4

46. For plping > 1.0 In, dla. Is the Insulatlion R
value 2 6

47, For storage tanks < 140°F is R value 2 30

48. For storage tanks > 140° Is R value 2 40

49. Is outside Insulation protected with a metal jJacket

5. Has the load Interface been flnallzed

51. Is the DHW supply capable of a temperature greater
than 120-125°F

52. Does the Interface design allow solar to address
the locad before conventional

53. Are SC and SWP Interfaces as shown In the
Chapter | system schematlics

54, Has control loglc been finallzed

55. Is loglc based upon temperature differential

56. |s control loglc described In detall

57. Has a control schematic been prepared

58. Is the control unit a solld-state, off-the~
shelf unit

59. Coes it have sensor self-dlagnostics

60. Does It have dlgital or analog dlisplay

61. Are sensors of the 10K ohm thermlstor
type or nickel-platinum probes

62. All responsibllity between the solar system
contractor and the electrlical contractor has
been clearly deflned

Inltials
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CHAPTER VI

General

Completion of the Deslign Development phase and approval by pro-
ject management allows the desligner to proceed to the Construc-
tlon Documents phase. Completion of the Construction Documents
phase results In essentially 100 percent completion pending final

approval by project management.

The Construction Documents phase consists of flnaiizing the de-
sign with emphasis on Installatlon details Including the
following:

Finalize equipment selection;

Pump Installation detall;

Heat exchanger installation detall;

Expansion tank Installation detall;

Storage tank detall;

Valve detall;

Pipling support detal!; and

Sensor Installation detall.

At thls polnt In the project, the actual deslign should be essen-
tially complete with regard to slzing of equlipment, plping and
valving layout, array layout, and mechanical equipment (ayout.
Major changes In the scope of the project should not take place

at this point. The designer must now flnalize ail of these as-




..................
.................

pects and complete the design documents Inciuding drawings and

speciflications. Equlipment Installation details and flnal equlp-
ment selectlion will represent the major effort In completing the

drawings and speclflicatlons.

Einal Equipment Selectlion

The designer should make final equipment selectlon for the major
components of the system at this point If selectlion has not already
been done. Although government procurement procedures do not allow
the speciflc selection of equlpment (by manufacturer), the de-
signer must base the final design on speciflc unlts to have a
comprehenslve set of constructlion documents. Equipment selected

can be named as the basis of deslgn with the stipulation that

acceptabie alternates wll!l be allowed by meeting all specifications.

Pump Detall
The solar loop pump, as well as other pumps assoclated with the
solar system, should be shown In both plan view and mechanlcal room
detall. A separate installatlion detall should be shown for these
pumps lIndicatling required valving and other appurtanences including

o Valves;

o Stralners;

o ODrain/flll connectlions;

o] Instruments; and,

o Speclal notes.

Fig. 27 shows a simple Installation detall for a centrifugal

pump. All Items requlired above are shown, Including special notes.
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PRESSURE GAUGE

THUMB VALVE
-—

NON-SLAM CHECK VALVE

Y-TYPE STRAINER
ISOLATION VALVE ) THROTTLING VALVE

5—>—Q—Ra.é_ _.||
( ( IN-LINE PUMP FLOWMETER
FLEXIBLE CONNECTOR

THROTTLING VALVE

d
PRESSURE GAUGE

NON-SLAM CHECK VALVE
g

FLEXIBLE CONNECTOR —.

END-SUCTION PUMP

1/4" DRAIN COCK

NOTE: CHECK VALVE NOT REQUIRED IN DRAINBACK SOLAR LOOP

FIG. 27 - PUMP INSTALLATION DETAIL
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A detall for installation of heat exchangers should be shown to

clarify the positlion of plping, valves, and Instruments relative
to the unit. A number of heat exchangers examined In the fleld

were found to be Improperly Installed regarding these {[tems.

Flg. 28 shews a baslc heat exchanger Installation detall.

Expansion Tank lInstallation

improperty installed expanslon tanks can cause numerous problems,
such as pump cavitatlon, for the solar system. These problems are
extremely hard to dlagnose for maintenance personnel and are
normalily not found unti! damage occurs, Fig. 29 shows a typical
expansion tank detall that can be used. Note that the |ocation
of the expansion tank wlth respect to the pump and any heating
unit is cruclal.. Expanslon tanks Installed on the discharge side

of the pump can cause cavitatlion.

Storage Tank Detall

Storage tanks are to be speclfled as "off-the~shelf" equipment
wherever possible. Therefore, Installation detalls are subject to
the particular tank selected, but selection of the tank should be

Influenced by what I|s deslred In actual Installation.

Fig. 30 represents details for both vertical and horlzontal tank
Installatlion, Note that the suctlon side of the pump should be

tfed from as low & polnt as possible to avo!d creating a negative

suctlon head; trying to pull water up fo0 a pump at high tempera-
tures can cause vaporization In the sucticon llne. Also shown in
129
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PRESSURE GAUGE

AIR CHARGING

$ CONNECTION (CAPPED)

AN EXPANSION TANK
; 4 WITH BLADDER

PRESSURE REDUCING VALVE
. THUMB VALVE

PRV

PRESSURE GAUGE s
I"‘
/

AIRTROL TANK FITTING SHUT-OFF 4 \% SHUT-OFF

<4

p=—tOk o~ ~ DK== 4Ok =4
DRAIN ! BACKFLOW IR
- e ol
PREVENTER )
C.W. MAIN

AIR EXTRACTOR

PUMP

FIG. 29 - EXPANSION TANK INSTALLATION DETAIL
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Fig. 30 are "thermal breaks" in all fluld lines to/from the
storage tank. These constructions, which closely resembie an
expansion loop, provide a thermal barrler agalnst thermosyphon
losses from the storage tank. Research has shown that thls type

of loss [s signlficant.

Yalve Detall

Most valves installed In exlsting plumbing or mechanical systems,
solar or conventlonal, are normaily Installed with the stems
pointing straight up. This Is standard practice in the Industry

and In most cases |t allows easler access.

Fig. 31 shows a valve [nstallation detail In which valves are
Installed with the stems a minimum of 15 degrees below the horizontal
plane of the plpe cenferllne. The reasons for this are as fol!lows:
o0 Leaks at valve stems (common problem)
are easily spotted by 0 & M workforce personnel
because tluid drips off the valve stem Instead c¢f

seeping Into plipe Insulation,

o Insulatlion Is not damaged by leakling
valves,
o In outdoor applications, sealling plpe

Jackets around vertical stems is virtually

Impossible.

This detall Is required for all outdoor Installations on
horlzontal (or near horizontal) plpling. It Is recommended but

not strictly requlired for Interlor pipling runs and can be
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VALVE STEM
. /7/
¥ HORIZONTAL [ T~—__ x

r B | ¢
{ { e | Y ; A

159 MIN.
\L

FIG. 31 - VALVE INSTALLATION DETAIL
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UPPER SHIELD PIECE-1/2°
OVERLAP ON LOWER
CLAMP SHIELD - EACH SIDE

1/4° x 2° LAG BOLT \ / LOWER SHIELD
ROOF 4x4 REDWOOD

SECTION VIEW

PIPE CLAMP

SHEET METAL SHIELD

ROOF E_ —_—— ;
\ o 4x4 REDWOOD

ELEVATION VIEW

TWO-PIECE GALVANIZED / INSULATED PIPE

PIPE CLAMP

TWO-PIECE GALVANIZED ~ \\ INSULATED PIPE
SHEET METAL SHIELD AN ~

I |

| Sl 4x4 REDWQOD SUPPORT
,g,_//,‘,,/ 2'-0* LENGTH (ONE PIPE)
' 4'-0" LENGTH (TWO PIPES)

=
i

PLAN VIEW

FIG. 32 - ROOF PIPE SUPPORT DETAILS
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disregarded where accessibillity Is concerned. Obviously, it

Is not required on vertical plping.

Piping Supports
Pipling runs must be supported sufflclentiy to avolid sagglng and

possible damage. MInimum spaclng for supports were dlscussed
previously and are also requlirements of varlous appllicable
bullding codes. Pliping can be supported by a wlde varlety of
hangers, c¢lamps, brackets, and trays, all of which are avajlable
commerclally In a variety of shapes, slzes, and methods of

attachment.

Fig. 32 shows a simple and Inexpensive method of supporting roof
plplng using redwood runners. Thls detall Is provided to show an
easy method for supporting pipes (not anchoring) on flat, bulit-
up rocfs where penetrations should be kept to an absolute mini-
mum. Addlitional plping support details are shown

In Appendix D.

Control Sensors
One area found to be a continual source of problems for exlIstling
solar systems Inspected in the field was the location and/or

Installation of control sensors. Fig. 33 shows a detall for in-

stallation of a 10 K ohm thermistor sensor as a collector sensor.

As shown, the sensor Is installed ln the fiuld !Ilne (not a j$

strap-on), between two collectors In the top (outlet) header to ii
1

ensure that collector fluid Is being sensed and Is especlally
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24VAC CONVERTER
24V x FMR a WALL-MOUNTED
) 3.5 VDC} E BTU METER
N >3—| 3
S el
120 VAC
SERVICE

MAGNETIC
FILTER &
HOT LINE STRAINER
177 b 7,

COLD LINE SEE PROBE DETAIL ABOVE

TO BTU METER

TEMPERATURE PROBE IN WALL

PROBE MUST EXTEND TO MID-POINT
OF PIPE FOR ACCURACY

24VAC/3.5 VDC

& X
L) -y g

1 ! / ﬁm FLOW

\ FLOW

- N 2

~n

FIG. 34 - BTU METER INSTALLATION DETAIL }
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critical for start=-up. Do not install collector sensors more
than 2 Inches from a collector outlet. Tank sensors should be
Installed ln _the tank, In wells, If possible. Avold Installlng

sensors In supply or return lInes to the tank.

Specifications
As part of the constructlon documents package, the wrlitten specl=-
fications for the solar energy system shall also be completed and
submitted for review, Normally, solar energy system speclflica-
tlons will be a subsection of DIvision 15 - Mechanical. Whille
actual, detailed speclflcation of solar energy system equlpment
Is noct wlithin the scope of this manual, a number oY general cri-
terla should be followed In preparing these specifications., Thls
Is especially Important if The sciar energy system designer and
the conventional mechanical system designer are not the same
person., These are:
. Ensure that the general mechanical conditions
do not confllct with piplng type or soider type
requirements of the solar system.
2. Ensure that pump speciflications, If different,
are separately deflined for the solar system.
3. Ensure that Insulation speclificatlons, 1f dlfferent,
are separately defined for the solar system,
4, Ensure that submittaels are required for all
pertinent equipment in the soclar system. As a
minimum, submittals shall be required for the
following:

o Collectors and collector supports (shop
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drawings);
o Pumps;
o HeatT exchangers;
o Expanslion tanks; :
o Storage tanks; g
o Orainback tanks
o Controls;
o Valves; and,

o] Instruments.

5. Ensure that the responsi{billities of the sofar
system contractor, other mechanical contractors, B

and the electrical confracfor are clearly deflned.

6. Ensure that specifications requlire the flushing

and pressure testing of the solar system plping.

7. Deflne responsibility for coordination of the

contractor's work.

8. Operational test, 0&M manual, and spare parts,

as deflned In Chapters |X and X, are requlired.

PR
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ITEM

CHECK

VOOV BN —

10.

Equipment selection has been finallzed

Pump installation Is detalled

Heat exchanger lInstallation [s detalled
Expansion tank instalilation Is detalled
Storage and/or dralnback tank detall shown
Valve and piping supports detalled

Sensor Installiatlion detal! shown
Specliflcations are complete and acceptable
Submittals are required for al! solar energy
system equipment as speclfled

Operational test, 0&M Manual, and spare part

requirements are detalled In speclfications

Inttlals

141

YES

NO
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CHAPTER VI

INSTRUMENTATION

GENERAL

This chapter addresses only the basic instrumentation that should
be Included In the system deslign. The purpose of thils
instrumentation Is to allow maintenance personnel to ascertain the
gperatlion of the system, not to determine the performance.

This Instrumentation should be Installed regardless of any data

acquisition system used.

1. System differential contro! unit - The sclar system
control unit, as specifled In Chapter V - Design
Development, will be one of the most useful pieces
of Instrumentation for malntenance personnel. As
required, the control unit should be a sollid-state,
dlgltal or analog dlisplay unit that Is self-dlagnostic
for sensor fallure. As a dlagnostic tool for main-
tenance personnel, this type of unlt has extreme value.
From the control unit location in the mechanical room,
maintenance personne! can check both collector and
storage temperatures to determine If dlfferentials
are working. Storage tank upper |Imit+ settings can
be checked, as well as heat loss from the tank
(over tIme). Auxlllary sensors can be used for

other dlagnostic functlons as well,
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2. Solar loop pump - a means of determinling the solar

loop flowrate Is required. The first cholce Is L.

to use a visual flowmeter Installed In the i
outlet side of the pump downstream of the o
: s
L} {

throttiing valve. Second cholce would be to use 2
: dlfferential pressure meter (i.e., clrcuit setter

type). Thls type of flow measuring device requlres

2 separate portable meter be used and In this case, ;

the meter should be kept onsite in the mechanical room.

Final choice would be the use of pressure gauges on

+he suctlion and discharge sides of the pump. Dif-

ferentlal pressure can be used with the publlished

Il b )

pump curve to roughly establish flowrate. Note that
a pressure gauge Is required for the pumps Is any case. '}
It Is best to use a single gauge with valved connections
to both the suction and discharge sides as shown In the
Construction Documents chapter. |f a heat exchadger Is

used between the solar loop and the storage tank, the »5
pump clrculating f!luld between the tank and the heat 2

exchanger should also be Instrumented In a similar manner,

s 3. Heat Exchanger - Temperature differentlals across
heat exchangers must be known to deternine proper
operation of the exchanger. Also, If untreated water

Is used on elther side of the unit, pressure gauges

RS
-\' ]
[y

should be used to monitor changes In differential

pressures that Indlcate scaling in the unit. (See
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Figure 28 shown previousiy). Visual indicating,

mercury thermometers, Installed In wells shall be used.

4, Collector Rows - A thermometer (mercury type), installed
in a well, should be used at the outlet of each row.
Thermometers can be used at this loccation to determine
If balanced flow condlitlions exlst because the output
temperatures for the rows should essentially be the
same. Thermometers can also Indlicate possible problems,

such as blockage of lines, wlithin collector rows.

5. Storage Tanks - Temperature Indlcating devices are
also reqﬁlred for storage tanks. For pressure
vesse(s, thermometers In wells Installed ln_the
tank wajls are requlired. A minimum of two, one at
the top and one at the bottom, Is recommended.
Pressure vessels shall also have a pressure gauge
at the top of the tank. Storage tanks shall have
a visual slght level gauge that covers at least

one-half of the level of the tank.

6. Mixed water temperature - The downstream slde
{mixed) of all three-way mixIng valves should be
Instrumented for malntenance personnel to
determine I|f the valve Is operating properly. Many
commerclalily avallable mixing valves have, as an
optlon, a visual temperature gauge that Indlcates

the mixed water terperature (uses control sensor of
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valve). If the valve selected does not have this

optlon avallabie, 2 mercury thermometer, Installed

In a well, shall be required.
BTU Metars (optional)
$ Figure 34 shows the Installation of a commerclally avallable BTU
f meter, This Is presented, not as a requirement of this manual,

E but for informational purposes for projects where BTU meters are
required for one reason or another, The designer, In selecting a

BTU meter, must be careful to avold units where accuracy Is poor

at low dlifferential temperatures. Some units have * 30%

accuracy at dlfferential temperatures less than 20°F,
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1. A solld-state, diglital or anaiog dispilay
controller Is used

2. Controiler Is self-dlagnostic for sensor fallure

3. Solar loop pump has a flow measurlng device, as
specifled

4. Heat exchanger loop pump has a flow measurling
device

5. Heat exchanger Is Instrumented

6. Ccllector rows are Instrumented

7. Storage tanks are instrumented for temperature,
pressure and fluid level

8. Mixed water temperature (valves) Is Ilnstrumented

Inftltals
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CHAPTER Vi1

SUBMITTAL REYIEW/CONSTRUCTION OBSERYATION

Geperal

Experlence galned in evaluating exlsting systems Iin the fleld
has shown certain defliclencies in the submittal review and
constructlion observation process as It currently exlists. In most
cases, the person performing submlittal revliews and constructlion
observation is not the system designer as Is the case In the
majorlty of private sector projJects. Therefore, the
reviewer/Inspector is lacking In the inherent knowledge of the
designer relative to what Is "right" for the system. This
handicap can be reduced signiflcantly by efforts on the part

of both the designer and the reviewer/inspector for the project.
It Is the responsibillity of the deslgner to prepare a set of
speciflcatlions that are clear and conclse and to deflne the
type of submittals required for solar equlipment. Preparation

of detall!ed equipment speciflcations Is not wi+hin the scope of
this manual and the reader shall refer to the Solar Equipment

Gulde Speclfication Manual.

Within the project speclflcatlons, the designer shall defline the
requirements for the equlipment submittals. As shown In the Solar
Equipment Gulde Speciflcatlion Manual, [t is suggested that a
schedule of le ter designations be used to define these
requlirements. Shown below Is an example of this designation,

and each plece of equlpment should be [dentiflied with The
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appropriate l|letter or letters.

The letter designated within brackets, [], 's the data required.

1. [C] cCatalog Data

2. [L] Equlpment and Matertal List
3. [M] Maintenance Instructions

4. [0] Operating Instructlions

5. [P] Performance Curves

6. [Q] Quality Control Tests

7. [S] Shop Drawings

8. [W] Wiring Diagrams

9. [N] Computatlions

10. [Xx] Samples

It Is recommended that the contractor be required to submit six
(6) copies of data specified within thirty-five (35) calendar
days of contract execution (notice to proceed). The contractor

should submit only one time for each Item of equlipment.

The reviewer/Inspector should review the project speclifications

and prepare a |llst of specific equipment requiring submittals and
the type of data required. Each plece of equipment Is then ‘

checked off as submlittals arrive. Submittals that are Incomplete

should be returned to the contractor for resubmlssion. Do not

accept Incomplete submittals or phone-In data.
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The reviewer/lInspector shall carefully review each submittal
relative to the Intended functlon., Ensure that ail optlons
and/or accessorles specifled are In¢luded. Do not accept a
statement that these will be provided If It Is are not clearly
defined In the submittal data. Do not heslitate to require

resubmittal and do not allow unreallstically short review perlods!

Construction observation Is necessary to ensure adherence to the
Intent of the contract documents. Agaln, good construction
observation practice begins with the designer and ends with the
Inspector. The desligner should deflne speclfic observation polnts
as a minimum, with responsibillty for notiflcation belng +the

contractor's.

Request for construction observations shall be made by the
CONTRACTOR to the CONTRACTING OFFICER for work installed under
these speclficatlions, Perlodlc observations shall be conducted
as follows: (48 hours notlce Is required).

1« Roughing=-Iin of werk prior to concealment.

2. Lay-out of equlipment prlior to final connectlions.

3. Preliminary operation of equipment,

4. Prlor to final acceptance.

The reviewer/Inspector should make more frequent visits If
requlired, to ensure adherence to the contract. For each
constructlion observation, the Inspector should prepare a written

IIst of deficiencies (punch Iist) to be glven to the contractor.
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;; The Inspector should ensure that no deflclency In the work Is

f concealed before correctlon of the problem has been conflrmed.

- The designer should so state this In the project specliflications.
o

o

Ky

N As part of the project specifications, and as a requirement for

final acceptance the contractor shall be required to malntain

record drawings during the course of constructlion and to prepare

S ——
A A

"as-built" drawlings at compléflon. Suggested requlirements are

glven below:

1. Blue |ine prints shall be obtalned from the CONTRACTING OFFICER
at cost and an.as-bullf dally record shall be maintalned for pipe
and equipment lccatlons by noting all changes from the origlinal
drawings and specliflcatlions on these prints. These drawlngs
shall also serve as work progress sheets and dally notations
shall be made to show the extent of the work Installed. The
prints shall be kept on the slte and be avallable for review at

all times.

2. On completion of the work, one set of transparencles shall
be obtalned from the CONTRACTING OFFICER at cost, and all
changes as noted on the record set shall be drawn In. The
set of transparencles wlth one set of prints, shall be del-

Ivered to the CONTRACTING OFFICER prior to final acceptance. Ny
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CHAPTER 1IX

Ganeral

Acceptance of the system is a major milestone In the overall

project. Acceptance Is a statement that the flnished product

meets all of the requirements of the owner and In [ts present

condlitlon [s acceptable "as Is."”

A solar energy system, because of the nature of Its energy source

and the environment that affects I+s performance (weather, load,

time of day or year), cannot be subjected to a one-time perfor-

mance test as a means of acceptance. The contractor that in-

stalls the system cannot be held responsible for the design of

the system anymore than the designer can be responsible for the

quality of the Installation by the contractor. Therefore, a

performance acceptance test In which the system must produce a

certain amount of energy under glven clrcumstances is a no=-win

sltuation because no particuiar entity can be held completely ac-

countable (sole responsibility).

System acceptance |s an on-golng part of the overall project that

must beglin at the Inception of the project; the flirst phase of

acceptance begins wlth the solar feaslibllity study and ends when

the operating system Is turned over to the 0 & M workforce.

........................................
............................




Because system acceptance Is an on-going task that covers all

phases of the project Including planning, deslign, construction

N and Inspectlon, [t must be the ultimate responsibility of the

X project manager. Each phase of the project must be evaluated

and accepted In turn to result In a reliable system.

The following Items should be considered Integral parts of the

system acceptance:

1.

Feasiblillity study - The project manager shall review
the feasiblility study Input and results to ensure that
rellable data and sound assumptions have been employed.
Ceslgn
a. System selection - The project manager shall review
the designer's selection of system type and agree
to the speciflic system type selected. The project
manager shall accept or reject the system selection,
b. Schematic design - The project manager shall re-
view the schematic design report and ascertaln
that all required Informatlion Is provided by the
designer. The project manager shall determine
that this design manual has been followed in pre=-
paring the design. The project manager shall
accept or ‘g ject the schematic design.
c. Deslign development - The project manager shal! review
the design development documents for required

content and adherence to the design methods
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set forth In this manual. The project manager

- shall accept or reject the design development
phase.
d. Constructlon documents - The project manager shall :

revliew the constructlion documents for completeness
and adherence to the requirements of this design .
manual. Although Instrumentation Is discussed In
8 separate chapter of this manual from
constructlion documents, the design of the system
at thls polnt should reflect the use of the
requirements of Chapter VI! - Instrumentation.
Therefore, the projeéf manager shall ensure that :
these requirements are Included In the
censtruction documents, The project manager
shall accept or reject the construction documents

phase.

At this point In the project, the deslign portlon of the

project has been accepted; the project manager has accepted

the design as complete and In accordance with requirements set
forth In thls manual. This Is not a blanket sfafémen# by the
prcject manager that no errors or omissions exlist; It Is

an acceptance of the baslc design and ensures that the design
criteria have been adhered to. The project manager should make
use of the checklIsts at the end of the varlous deslign chanters

to ensure himself that all requirements have been met.
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Submittal revlew - The project manager, elther dlrectly
or through delegation of work (project engineer), shall
deferm}ne that all equipment submittals for the pro-
Ject that are approved for use meet the requirements

of the constructlion documents. Acceptance of Inade-
quate equipment will negate the efforts put forth to
ensure a good design, Chapter VIIIl contalns a dlscus-
slon of submittal review. The 0&M manual shall be
considered as a submlittal as well and should be so
speciflied. An accepted 0&M manuai is required as part
of Final Acceptance (see ltem #7 of this section).
Construction Observations -~ The project manager, elther
dlrectly or through a designated representative
(Inspector), shall ensure that the constructlon of the
project adheres strictly to fhe.requlremenfs of the
constructlion documents and that all Installed equipment
Is the same equipment approved previously by submit-
tals. Construct!on observatlon of the project Is a
critical I1tem, especlally with actlve saolar energy
systems. A dralnback system, for example, requires
high caliber work In pipe fInstallation; pipe sliope Is
crucial, and If the plping does not slope properly, the
system wll! not draln, and freeze damage can be
expected.

Final Inspection - The project manager, elther dlrectly

or through 2 designated representative (linspector),




shall perform a flnal Inspection when [nstallation of
the system Is essentially complete. The flnal In-
spectlion ascertalns that the system has been Installed
as sheocwn on the constructlion documents, that all
previously noted problems have been corrected, and that
the system Is complete. This Is an In-depth Inspection,
and the Inspector shall prepare a flnal, written punch
llst for the contractor that detalls all Items to be
corrected. The Inspector shall ensure that all cor-
rective action (tems on the punch |Ist are completed
and shall accept the system for workmanship and
completeness of materials (all equipment instal{ed
properly).

Operational Test - The project manager, elther dlirectly
or through designated repressantatives (project engl-
neer, lInspector, etc.), shall witness an operational
test of the system that includes operation of the solar
system In each possible mode of operatlon, This Is nct
a performance test of the system, and acceptance [s not
based upon reaching a certaln energy output from the
collector array. This test shall only ensure that all

equipment is functlonal and properly callbrated.

Thls test shall Incfude f{tems such as:
a. Differential controller turns the solar loop pump

on/off at the design differential temperature

settings. Pump shall not short cycle.




b. Pump Is producling the required collector array
flowrate as descrlbed in the Construction Documents
(see Chapter Vil -« Instrumentation).

¢, Flow In the collector array Is balanced properly.

d. ODralnback systems actually draln back when the
solar loop pump Is off.

e. MixlIng valves are mixing fluld streams to the

proper temperature.

At thlis polnt, each separate component of the overall
project has been addressed Individually and progres-
sively accepted. Representatives of the 0 & M workforce
should be present for thls test. Represaentatives
should Include one staff engineer and one member

of the maintenance staff as a minimum,

Instructlional Seminar - Before final acceptance but
after a successful operational test and acceptance of
the 04&M manual, the contractor shall hold an Instruc-
tional seminar for the 0 & M workforce. This seminar
shall be conducted by knowledgeable personnel at the
slte. The 0 & M workforce shall be notifled at

least one week [In advance of the date, tIime, and place
of the semlinar. Requlirements of the seminar are de-

talled In Chapter X - Operations and Malntenance.
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8. As-Bullt Drawlings - Before Final Acceptance the
contractor shall provide one set of reproducibl

drawlings noting all changes to the orliginal des

required durling construction.

9. Spare Parts - Required spare parts, as detalled

Chapter X, shall be on=-slte.

LA i Sal et i Ful il N e S R

e

Ign

In

1

RSOV VAT "j




I TEM CHECK
‘j YES NO (
- 1. Feasidbiiity study compieted and accepted. f
5 checkilst completed ;

. 2. System selection completed and accepted

3. Schematic deslign completed and accepted

4
‘.
ii 4, Deslgn development completed and accepted

5. Constructlion documents completed and accepted

6. Instrumentation checkllst completed

7. Design complete and accepted -3

8. Submlittals for all required equipment have
been accepted

9. All discrepancles, noted by Inspectlon, have
been corrected

10. A final Inspection has been conducted

11. Operational test was conducted and accepted

12, O0&M Instructional seminar has been conducted

13. 0&M Manual has been submltted and accepted

14, As-bullt drawings have been submittal and
accepted

15, Spare parts requlired are on-site =

Inftals
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CHAPTER X
QPERATION AND MAINTENANCE

General

Operatlon and malntenance Is cruclal to the overall economics of
the solar system, Although the designer may feel thls Is not
part of the design process It does, In fact, have Its basls In
the system design. Throughout this manual, simplicity and,
therefore, minimal maintenance have been emphasized In the de-
sign. Simplicity In design ylelds ease of operation and minimum
downtime. In flnallzlng the project deslign, the desligner should
remember that system cperators wlll not have been Involved In the
deslign and, therefore, are not aware of the designer's intent. A
wel! defined control logic will help Immensely In understanding
system operation, but the following Items shall be added to

the construction documents, to be provided by the contractor:

o Operating & Maintenance (0&M) Manual;
o A complete set of operating Instructlons shall
be posted In the mechanical room;
© An Instructlonal semlinar, conducted
on-slte by knowledgeable personnel, for
operators before final acceptance but after the
operational test and acceptance of the 0&M manual;

o List of required spares to be provided.




.....

i

1. 0&M Manual
The 0&M Manual shall contalin, 2s a minimum:

o A comprehensive set of system operating ;
Instructions for the user;

¢ Trouble-shooting gulde;

o A preventive maintenance chéckllsf; and

o Catalog cut sheets for all equipment,
Including the name of the suppller, a parts

I1st, and warranty data.

The 0&M Manual! shall be submitted for review to the
project manager and must be accepted before the

Instructional seminar and final acceptance.

2, Instructional Semlnar

The contractor shall provide an Instructlonal seminar for
the 0 & M workforce personnel before flinal acceptance.
This seminar shall be conducted by knowledgeabl!e personnel
and Include, as a minimum

© Start-up and operation of the system;

o Filling and dralning procedures;

© Operation of the system controls;

© Troubleshooting of the system;

o Replacing sensors and/or other controls;

o Detalled review of the 0&M manual; and,

5 © Scheduled malntenance (preventive).
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3. Spare Parts =

X The designer shall require the followling spare parts be , -1
: supplled as part of the contract. These parts shall be E
? on=s{te before flnal acceptance: Zi
: o One (1) control unlt (solld~state, off-the-shelf); i
o Four (4) control sensors of the same manufacturer; o

o One (1) set of solar loop pump seals and
thrust bearings;

¢ OCne (1) collector row PRV, preset;

o One (1) thermometer to flt thermometer wells;

o Two (2) percent collector glazings and glazing
gaskets;

o 0One (1) percent complete collectors (boxed);

© One (1) complete refill of solar loop fluld,
other than tapwater, In sealed and marked
contalners; and,

© One (1) flow control device for collector rows,

if used.

4, OCperational Check
At least twlce per month, and preferably weekly, malntenance .
personnel shall perform an operational check. Thls conslists
basically of observing that the system Is functlonling and
that minimal operating parameters are belng met. This
operational check should not requlre more than 15-20 minutes
each time., Operatlional checks should be performed a+ varlous

tIimes durling which all aspects of operation, such as start-up
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and shutdown are belng checked. These are dliscussed below.

Refer to the troubleshooting sectlion if a problem Is found.

1. Normal operation:

A check of normal operation should be made at mlidday under

clear or falrly clear sky condlitlions (relative to locale).

At mlidday, wlth clear sky condlitions, the system shouid be

collecting energy If a locad exists. Thls can be ascertalined

by simply determining If the solar loop pump Is operating.

If so, the following quick checks shall be made:

a. Using the dligltal or analog display of the differential
controller determine the collector temperature.

b. Using the digltal or analcg display determine the storage
temperature,.

C. Subtract sToragg temperature from collector
temperature. The differentlal shall be greater
than the differential "off" setting.

d. If item C, above Is yes, the next step Is to
check the solar loop flowrate using the visual
flowmeter or pressure differential. The flowrate
should be within * 108 of normal flow.

e. Check the storage tank temperature to determlne If
It Is above the high |Imit setpeint of the control
loglc (usually 180°*F)., The solar loop should not be
operating If it Is.

f. Determine that heat exchangers and/or mixing valves

are operating.
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This normal operatlion check should be made at every other visit, Q;
That Is, 1f weekly operational checks are made, then every

other week should be a "normal operation" type check.,

2. Start-up check: ' B
Th's type of check should be made to determline If the system I[s
starting properly. The check must obviously be performed In
the morning when the system first starts and the speciflc
Ime can only be determined by experience:
a. Prior to the solar loop pump starting, check the
collector and storage tank temperatures using the
diglital or analog display controller and determline the
differential.
b. Continue this procedure and confirm that the solar
_loop pump starts when the control loglc "on"
differentlal 1s reached.

c. Perform checks d. through f. of Item #! above.

3. Shutdown check:

This check Is made to determline If the system Is shutting

down proper!y. Again, the approximate time of shutdown Is

determined by experience. Steps to be followed are:

a. Prlor to system shutdown (solar loop pump "off"),
start checking the collector/storage temperature
glifferentlial using the digital or analog dlisp!ay
controller.

b. Ascertain that the pump shuts down when the

control loglc "off" differential Is met.




If It is a drainback system Insure that dralnback

occurs when the pump s deactl!vated.

4, Adverse weather:

An occaslional check of the system should be made during
adverse weather conditlons. During extremely heavy cloud
cover conditions, the system should not be operating.
Note that the system may operate intermlttently durlng
{Tght cloud condltions because of diffuse energy being

collected.

Operatlional checks #2, 3 and 4 should be Intermixed wlth
check #1 on a scheduled basis with #1 occurring every
other time (assuming adverse weather conditions do nct

preclude this),.

5. Scheduled Maintenance (Preventive)
This item shall be the responsibliliity of the Facllltles
Englneering malintenance personnel. At Intervals of six
months minimum, the malntenance personnel! shall:
a. Wash the exterior glazing surface of the collectors,
If needed, with compounds approved by the manufacturer.
b. Inspect absorber plates for degradatlion (do not
remove glazing).
~¢. Inspect glazing gasket for damage. Replace worn

or damaged gaskets.

d. Inspect collector supports. Tighten or replace

loose or missing hardware.

...............................................
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e. Inspect valves, flttings, and plping for {eaks.
Repair as necessary.

f. Test PRVs on colilector rows. Replace defectlive units.

g. Bleed air from closed ioop systems.

h. Inspect sensors. Replace defectlive unlits.

l. Inspect plpe Insulation and jacket. Replace degraded
materlal as required.

Je Inspect and lubrlicate pumps. Repair as needed.

k. Inspect storage tank for leaks. Repalr cor replacse.

l. Verify operation of control unit per 0&M manual.

m. Test callbration of control sensors per 0&M manual.

n., Test dralnback operation of system (open loop).

o. Verlify that solar loop and storage tank have fluld.

Fluld Test
At Intervals of 18 months to two years, malntenance personne]
shall obtain 2 sample of the solar loop fluld from all glycol

based systems. An analysis shall be performed to determline:

a. Percentage, by welght, of glycol In the fluld. This
should be approximately 50% *+ 5%.

b. Condition of corroslion inhibitors In the fluld.

Troubleshooting

This troubleshooting gulde covers the general areas of
troubleshooting for a8 variety of systems. Malntenance
personnel! should flrst consult the troubleshooting

sectlon of the supplled C&M manual for the speclflc system
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they are using. For existing systems that do not have a

complete 0&M manual, thls troubleshooting gulde can be used.

Troubleshooting a system Implies that a problem has been
encountered and the cause must now be determined. Slnce
'fhis manual Is based upon standard or "generic" systems and
keeping designs as simple as possible, the ftroubleshooting
of these systems [s also falrly simple and standard. The use
of thls troubleshocting section Is based upon discovery of
a malfunction during one or more of the cperational checks
detalled In Section 4, Therefore, the loglic of the
troubleshooting procedure Is based upon the type of cper-
atlonal check performed (normal, start-up, shufdown,-efc).
The troubleshooting gulide Is also based upon use of

a solld-state, digital display, differentlal controller as
the primary diagnostic tool. Ih those systems where a
solld-state controller with 10K ohm thermistor sensors,

but without digltai display belng used,the temperatures
belng sensed must be determined using an ohm meter.

For 10K ohm thermlistors, the equlivalent temperature

for various reslistance readings Is glven In Table IX.

ExIsting systems using custom-built control systems,
especlally pneumatic type controls, cannot readily be
¢hecked usling this guide; each Is a speclal case. To

troubleshoot this type of system the user must obtain
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the system control loglic, control layout, and any other data
possible from the orlginal contractor., The basic steps out-

lined herein could then be used as a very general guide.

The first steps to be taken In troubleshooting the

system s determining the problem. Is the system not
operating at all or Is it just not starting at the

proper time or is It not turning off at all? Fig. 35
shows a loglc flow chart for the baslic steps to be taken
I1f a system Is dlscovered not tc be operating durlng a
normal operating check. ~Keyed notes are shown for each
step, that descrlibe, In greater detall, actlon to be taken
In each case. Flg. 36 and 37 are similar flow charts for
start-up and shutdown wlth keyed notes are also prov!ded.
Fig. 38 Is a loglc chart for checking the load interface.
A malfunctlion in the interface can manifest I[tself as

a problem with the sclar system.

As you will note, the majorlity of problems will most

Iikely be control related. I+ will also be noted that

when the problem s with the controller itself, the
solutlon requlred Is +*o simply replace the unit.

This type of con*roller can be replaced completely for

less cost than the maintenance time required simply to flnd
the problem wlth 8 custom control system. Slnce a controli
unit is required as a spare part for these systems, this

replacement I|Is qulickly accomplished and rhe malfunctionlng
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unlt can be returned to the factory for repair and be used

as the new spare.
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REPAIR MALFUNCTION )

CORRECT OR REPLACE CONTROLLER )

CHECK STORAGE SENSOR

1

U

GO TO LOAD INTERFACE

@

SWITCHES A

STARTER

YES

<D no—~(ie).

TEST CONTROLLER )
REPLACE SENSORS )
REPLACE CONTROLLER )
REPAIR OR REPLACE )
REPLACE PUMP/MOTOR i

@ ENO CHECK i

Al ZRE- i sdli- o i ol ol sl b

FIG. 35 - TROUBLESHOOTING LOGIC/NORMAL OPERATIONAL CHECK
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@ SYSTEM NOT STARTING )

]

IS CONTROL
UNIT *ON°

NO . CHECK POWER INPUT
REPLACE CONTROL UNIT

YES

IS UNIT
PROGRAMMED

NO—C PROGRAM UNIT )

STORAGE TEMP.
2 HIGH LIMIT

<

€S CHECK STORAGE SENSOR
GO TO LOAD INTERFACE

AVAILABLE AT
CONTROLLER
QUTPUT

NO—{@ REPLACE CONTROLLER )

YES
|

- GO TO FIG. 37, STEP 13,
. AND CONTINUE

FIG. 36 - TROUBLESHOOTING LOGIC/SYSTEM NOT STARTING
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( SYSTEM NOT SHUTTING DOWN)

CONTROLLE
CORRECTLY
PROGRAMME!

NO -——C REPROGRAM ) -

YES

SENSORS
FUNCTIONING
PROPERLY

NO —-( REPLACE SENSORS )

YES

( @ REPLACE CONTROLLER ) |
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( LOAD INTERFACE CHECK )

DOES A
THERMAL LOAD

NO

EXIST

YE9

/® LEAVE SYSTEM "AS 15" )
N

TEMP. 2 HIGH
LM

NO

CONTROLLER

YES

NO

CHECK SENSORS

\_REPLACE STORAGE SENSOR

CONTROL LOAD
INTERFACE

YES

18
CONTROLLER
OUTPUT POWER
AT VALVE

YES

NO REPROGRAM

CHECK & REPAIR
ELEC. SERVICE
TOQ VALVE

I OBTAIN CONTROL
VALVE DATA

IS CONTROL
VALVE SENSOR
CONNECTED

no-<{  CONNECT SENSOR )

YES€

1S VALVE
CORRECTLY
POSITIONED
PER LOGIC,

YEs-C LEAVE SYSTEM "AS IS" )

NO

ALVE B
SWITCHED
MANUALLY TO
CORRECT
POSITION

NO -'.GEPAFR OR REPLACE VALVE)

YES
|

CHECK SENSOR
REPAIR OR REPLACE
SENSOR &/0R VALVE

FIG. 38 - TROUBLESHOOTING LOGIC/LOAD INTERFACE




KEYED NOTES -~ FIG. 35
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Check system power sources. Ensure that all clircult
breakers and dlsconnect swltches are on. Check electrical
subpaﬁels feedling solar equipment. Determine that the
required power I|s avallable at the pump or the service slde
of pump control relays., Determline that power Is avalilable
tc the control unit (Input side)., Use test equlipment to

conflrm thls.

If power service has been Interrupted, replace or correct
mal functioning equipment. |f requlired, Initlate work order

for action by appropriate trade.

Determine [f the system control unit Is "on"., 1f the
unit has a selector swltch for ON=-OFF-AUTO, ensure that

I+ Is In the AUTO positlon.

lf the controller [s not "on", check unit+ internal fuses
I1f possible (see controller cut sheets In 0&M manual). If
unit cannot be activated, replace controller and send

mal functlioning unit to manufacturer for repair.

Using the control unit diglital or analog display, check the

solar storage tank temperature. |If the temperature s greater




than or equal to the high |imit setting the solar loop e
pump should be "off". For most systems, this setting will

be 180°F, If the control unit has an adjustment for the

'l
l‘.

high limit or Is programmable, check the setting to

s
o

Sty oy

determine If the control unlt setting agrees with tThe
system control loglc. |f the high Iimlt setting Is -

not correct, reset the high IImlt to the proper value.

If the storage temperature Is above the gorrect high IImit
setting, conflrm the storage sensor reading by checklng the
mercury thermometer Installied In the storage tank. The
thermometer should read within * 10°F of the sensor
reading. |If not, replace storage tank sensor and recheck

per note #5.

If the storage tank Is above the high IIimit setting and
the storage sensor [s functloning properly go to the
Load Interface check, Fig. 38 to check for proper
functlioning. Unless the solar system Is overslized, the
storage tank should only exceed the high |Imlt on rare

occaslons.

Compare the collector temperature and storage temperature
using the dlsplay of the control unit, |If the dlfferential
Is 2 20°F (8°F for dlrect systems), the solar loop pump
should be on, |f the differential Is < 5°*F (3°F for }

dlrect systems), the solar loop pump should

be off. |t the differentlial 1s > 20°F (8*F) and the
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pump Is off, sklp the sensor check and go to step #10.
I|f the dIlfferential Is <5°F (3*F), the pump should be
checked per the next step. |If the differential falls
between the 20°F (3°) "off" setting the following

test should be made:

a. Remove one connectlion to "storage" [nput on the
control unit. The control unit wlll Interpret
thls as belng 32°F and should create a sltuation
where the dlfferential Is >20°*F (8°F).

b. The pump should activate when thils open circult
Ié created. Confirm start-up of the pump.

c. 1¥ the solar loop pump does not start go to the

next step.

Using the digltal 6r analog disptay of the controller,

a hand-held ohm meter, and the thermometers Installed

in the collector rows and storage tank, conflrm the
temperatures Jndicated by the sensors. A varlatlon between
the dlsplayed value (controller) vs. the chm meter and/or

thermometer of * 10°F 1s acceptabls.

It sensors are found to be faulty, replace the sensor In
question. Sensors from the control!ler manufacturer should

be used In all cases. Continue to the next step [f sensors

are functioning.

YA S
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11. Determine If power Is avallable at the cutput of the control
unit for a pump "on" slituation. |[f the differential Is ¢

s correct and the high [Iimit Is not exceeded, the output

should be"hot",

Y4 0= A A A S

12. 1If output power Is not available and should be, repiace the -

control unit and return malfunctloning unit to manufacturer

T oy 2 bt

for repalr. Recheck all operations with new unit.

13. [|f a pump "on" sltuation exists and power s avallable at
the controller output, but the pump is not functioning,
check all relays, contactors, magnetlic starters,

dlisconnects and HAND-OFF-AUTQ switches In the pump circult.

14, 1f a malfunctlon [s found, repalr or replace the defective

component,

15. 1f a pump "on" sltuation exlIsts, and power Is belng
dellvered to the pump motor, the pump should be operating.
It not, the pump and/or motor has mal functioned. Determline

defective unit or units. o

16. Replace motor, pump or both as required.

17. End troubleshooting gulde.




KEYED NOTES - FIG. 36

I+ Is assumed that durlng a start-up operational

check, [t was found that the system dld not beglin

operation when the differentlial temperature between
collector and storage reached the "on" polnt (20°F or 8°F).
It Is also assumed that since the sensors are readlng
temperature changes for the dlfferential, that they

are functlional.

If the sensors do not show an Increasing collector
temperature or a reallstlic storage temperature, go

to Fig. 35, step #9.

It the control unit has a selector switch for ON-OFF-AUTO,
ensure that [t Is In the AUTO position. If the unit
does not have a swlitch, It should have an [ndlicator

l1ght.

Check system power sources. Ensure that clircuit breakers

and dlsconnects are engaged. Determine that power Is

avallable at pump controi reiays, Check Ilnput power to
control unit. Replace malfunctloning electrical equlip-
ment. I f control unit has power but does not come "on",

replace control unit.




1f unit [s programmable, ensure that all programmling

switches are in the proper positions,

Determine |f storage temperature is above the high limlt
setting of the control loglc usling the digital display

of the controtl unit,

|f the controller indlcates a storage temperature
above the high |imit, cross-check the sensor readling
usling the storage tank thermometers. |f the sensor
is not reading properly (x 10°F), replace the

storage sensor. |f the storage sensor Is correct, go

to Fig. 38 - Load Interface.

Determine If power I|s available at the output of the
control unit. On small systems, this will feed the
pumps and/or valves directly; on larger systems control

relays will| Interface with the pump.

If output power [s not found, repiace the control unit

and send malfunctlioning unit to manufacturer for repair.

}¥ contro!l output is found and pump Is not operatlng, go

to Fig. 35, step #13 and continue,

A | Py
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KEYED NOTES - FIG. 37

|t the differential controller is programmable or

on/off settings are adjustable, ensure that the

18 %0 S S Y

programming [s correct. See controller data for

adjustment or programming Information.

Using the digital dIsplay, check the collector and
storage sensors. Compare sensor readlings wlth
thermometer readings for each. 1¥f sensors are notv
within * 10°F of thermometers, repiace sensors.
Ensure that sensors are properly attached before

replacing.

If programming [s correct, sensors are functlioning
properly and pump does not shutdown, replace control

unit and send mal functioning unit to manufacturer for

repair,
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KEYED NOTES - FlG. 38

et

1. Determlne If a thermal Jload for the system exlIsts. |t not, g
the thermal capacity of the storage tank may be at Its E
maximum and the system has shutdown. - E

2, Leave system "as-is" and recheck when thermal load Is i
present, X

3. Determine If storage fank temperature [s > high limlt i
setting. Ensure that the correct high |Imit setting Is used.
lf sensor Indlcates that storage |Is above correct high
I'imit setting, cross-check sensor reading with storage ' i
thermometer to determine [f sensor is reading properly.

Replace sensor 1f + 10°*F dlfferent,
|

4, Determine If load Interface Is controllied by solar
system controller or If It Is a stand~alone control. [ f
the load Interface Is stand-alone, go to step #7. i

5. It the controller Is adjustable or programmable, de. ermine
I1f proper settlings are used (use control loglc). If not, .
adjust to correct settings or reprogram.

6. Determine If the control unit output to the load interface i

should be on at this time using the system control loglc.

iIf so, check the output of the controller for the requlred
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power to the controlled equlipment. Jumper or open sensor ;
Inputs to create an "on™" conditlon [If necessary. |f power
is not avallable at the controlled equlpment, check wlrlng

and/or relays between the units and repalr [f necessary. |If

TNy Ty Ty fp % O

the power Is not avallable at the controller output,

replace the control unlt,

7. Obtain data from 0&M manual for operation of locad Interface

equipment.

8. Determine [f sensors for control valve (not solar control
unit sensors) are properly Installed and connected. If not,

repalr or replace sensor or connectlion as requlired.

9, Determine |If the control valve |s properly positioned
(opened, closed, port A to B, etc.) for the control loglc
condltions exlsting. {f yes, leave system "as~-Is" and

recheck under other thermal load condi{tlions.

10. If the valve position Is not correct, can the valve status
be changed manually by Inducing different control signal?
If not, the valve itseif has probably malfunctlioned and
will have to be repalred or replaced. 1+ the valve can be
reposltlioned manually, control connectlons, relays and/or
solenolds should be checked and repalred. Replace valve If

all connections are correct.
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CHAPTER X|

Genaral

This chapter Is devoted to the selection of packaged ODHW

systems not the design. The packaged systems, as defined

In this manual, are considered to be commerclally avallable,
off-the-shel|lf systems In which all major components, such as
collectors, tanks, pumps, and controls are pre-engineered and are
part of the packagé.' In selecting a packaged DHW system, the

following general criterla must be adhered to by the desligner:

1. A slngle, packaged system shall not be used for
more than two reslidences or apartments.

2, Total DHW demand shall not exceed 120 gal. per
day per Appendix A at a 120°F demand temperature.

3., Packaged DHW systems shall not be ganged
together to meet 2 load. Packaged systems must
operate separately.

4. The selected packaged DHW system must meet the
criteria for selectlion deflined in this manual.

5. Fatlure to meet the above criterla requires that
the designer return to Chapter | - System
Selectlion and determine the correct system to be

designed.
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For thls manual, system selection wlll be based on the slize of

the DHW storage tank required; all! other parameters wlil be Ry
deflned from thls polnt, |In keeping with the phllosophy of thlis i
manual regarding standardized systems, only three storage tank t
sizes are allowed. These are 60, 80 and 120 gal. (approximate).
3jze Selection
Selection of one of the three system slzes allowed will!l be based on
the criteria shown In Table X. For small commerclal OHW -
lcads, such as a small offlce bullding with restrooms only, a 3§
packaged system should be used If the DHW demand Is equal to or
less than 120 gal. per day as determlined using Appendix A of this
manual.
TABLE X
PACKAGED DHW SIZE SELECTION
APPLICATION SYSTEM SIZE
(Tank slze In gal.)
One apartment-one bedroom 60 R
Two apartments-one bedroom 80 N
Cne apartment-mult| bedroom 80 oy
Two apartments-multl bedroom 120
One residence-two bedroom 80
One reslidence>two bedroom 120
Two residences (duplex) 120
Commerclal, demand < 60 gal. 60
Commerclial, 60 gal. < demand < 80 gal. 80
Commerclal, 80 gal. < demand < 120 gal. 120

Commerclal, demand > 120 gal. Not Applicable
Return to System Selectlon o




The 60, 80 and 120 gal. tank slizes glven are approximate. It Is
not Intended to elimlnate tanks such as 82 gal. or 115 gal.
) Acceptable systems can have tanks slzed to * 108 of the three

standard sizes shown. Therefore, a packaged system with a DHW

tank between 54 and 66 gal. could be selected for the

60 gal. slze system.

Packaged DHW System Types
Three types of systems are allowed for selection. These systems
basically correspond to the generic types discussed In Chapter
| for designed systems. These are:
o Closed loop glycol systems (antlfreeze);
o DOrainback; and

o-Dlrect reclrculation.

The scope of thlis manual addresses only actlive, liquid solar
systems at this tIime., Packaged DHW systems of the passive,

batch type, or phase change heat fransport (vaporlzed refrigerant)
type are, therefore, not consldered. Thls does not Imply that
these DHW system types are not good choices also but simply

that they are not within the scope of this manual.

System Descriptions
Packaged DHW systems, within the types allowed shall have, as a
minimum, the following components as par+t of thelr package. No

exceptions are allowed:

...............................................
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Closed loop glycol:

S o Collectors wlith supports;

© Pressurlzed DHW fank,.lnsulafed and {lned, with auxiliary
back~-up heating;

" o Oouble wall heat exchanger with leak detectlion;

o Pumps (2), centrifugal, 120 VAC, single phase, 60 hertz;

o Controlier, differential type, sollid-state with 10K ohm
thermistor sensors; and

o Glycol fluld with Inhibltors, 50% mix by welght.

Cralnback:
o0 Collectors with supports;
o Pressurized DHW tank, Insulated and Ilned, wilth
auxlllary back-up heatling;
o DOralnback tank, Insuiated; {
0 Heat exchanger, exterior or In dralnback tank; f
o Pumps (2), centrlfugal, 120 VAC, single phase, 60 hertz;
¢ Controller, differential type, solld-state wlth
10K ohm thermlstor sensors; and

¢ Vacuum breaker.

- PO

ODirect Reclrculation:
o Collectors with supports;
© Pressurized CHW tank, Insulated and llned, with

auxlllary back-up heat;

o Pump (1), centrlfugal, 120 VAC, single phase, 60 hertz;

and,




(o)

The desi

Controller, differential type, solld-state wlith

10K ohm thermlstor sensors.

gner shall also require the contractor to provide the

following for all systems as part of Installation:

o

e}

PRY at collector and DHW tank, vent per code requlrements;
Manual alr vent on collector outlet;

All piping shall be *type "L" copper with siliver

or 95/5 soldered jolnts;

All plping Insulated per Chapter V of this manual;

All sensors to be Installed per Chapter V of thls manual;
A three-way mlxlpg valve (also called tempering valve),
thermostatically controlled, shall be Installed on the
outiet of the solar DHW tank set at not greater tThan
120-125°*F to prevent scaldlng;

All pipling In other than closed loop glycol solar loop to
be disinfected per code;

Furnish and lnstal! mercury type thermometers, In wells,
at the followlng locatlions:

a. Collector supply llne,

b. Collector return line, and

¢. Mixed fluid outiet ¢f mixing valve(tempering valve),

Fill/draln connectlion for solar loop;
All major components of the system shal!l be valved using
approprliate sized ball valves, This shall Include

collectors, control/heat exchanger module, storage tank,

pumps ([lf separate from module), and drainback tanks; and,
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o Olelectric coupllings shall be used for connectlion of all

dissimitar metal fluid llnes.

System Component Requirements

The basic types, slzes and general requlirements of packaged DHW
systems have been deflined. Thls sectlon defines the crilteria for
the varlous major components of packaged systems that must be met.
All components of any packaged DHW system considered shall meet

these requirements,

Collectors:

o Single glaze, selective surface. The selectlive surface
shall be electroplated or chemically deposited (palinted
surfaces not acceptable) with a minimum absorptivity of
0.90 and a maximum emlIsslivity of 0.15;

o Copper fluld passages (rlsers), copper tube wlth
alumlinum fin ajlowed;

¢ Mountling of collector shall not require driiling of
collector box assembly;

© Absorbers and headers shall not be rigldly attached tc
collector box to allow for expanslon; and

¢ Collector box shall be metal, protected from corroslon.

Coilector Supports:
o Collector supports shall be a premanufactured Item and
not site bulilt (site assembly permitted);

o Supports shall be of steel or aluminum construction,

no wood shall be used;

............

) LR RN PO
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..............

o Supports shall be rigldly attached to structures or
ground by anchorling. Welghting of supports Is
not permlitted; and,

© Supports shall be structurally sound and capable of
withstandlng a minimum 80 mph wind and, In no casé,

less than the local design wind condlitions.

Storage Tank:
o Slzes as stated;
0 ASME pressure rated;
0o Insulated;
o Glass, copper, stone or cement |lined;
o Back-up electrical heating element(s); and
o At least one (1) In~-tank temperature sensor or sensor
well. Preinstalled sensors shall be 10k ohm

thermistor type.

Pumps:
o Centrifugal, 120 VAC, single phase, 60 hertz;
o Brass, bronze, or bronze-fitted for wetted surfaces; and

o OQOff-the~-shelf unit.;

Controllers:
o Solid-state, differential control! unit with 10K ohm
thermlstor sensors;
o 120 VAC, single phase, 60 hertz Input/ output;

o High 1Imlt setting not to exceed 180°F;

............. .
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o Shall have on/off Indlcator and/or on-off-auto switch;

A SN SR 2N 3
s 8 & &

>

and,
© Controlter shall be accessible wlithout shutting down

system |If contalned In a contrcl moduie.

SRR 4

£ 4

Heat Exchanger: (not applicable to direct recirculation)

-

o Double walled with leak detectlion;

-
.
.

o All wetted surfaces shall be copper cor stainless steel
constructlon; and
Shall be of sufficlent slze to transfer the max!Imum

possible energy the system can collect.

ST
o]

Dralnback Tank:
o Shall be capable of storing entire fluld content of solar
loop;
© Insulated; -
o Drainable; and

© Shall be Installied In heated space only.

CALLECTOR SIZING

Packaged OHW systems are to be selected on the basis of storage

tank slze, For each size selected, a minimum collector area

shall be required. These are given in square feet of aperture area.
60 gal. tank - 30 sg. ft.
80 gal. tank - 39 sq. ft. j:
120 gal, tank - 60 sq. f*. &

This Is essentlally the same sizing ratio of storage volume
to collector area used in the design of larger commerclal

systems,
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Operating and Maintenance

Packaged DHW systems operate almost identically to the large

ST
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P

commerclal systems of the same type. Malntenance requirements

are.also similar but usually less complicated., Malntenance time
Is normally less, on a relative scale, because problems have been
eliminated In previous systems sold. However, total malntenance
time for packaged systems totalling 1,000 sq. ft. Is greater than
for a single 1,000 sq. ft. system (more pumps, controllers,

sensors, etc.).

in flnalizling projects using packaged DHW systems, the designer
must reallze that the packaged system Is treated Jjust |lke any
other plece of equipment. Design requirements must, therefore,
be provided In conclse detal] in the packaged system
specification., WIth regard to operating and malntenance of the
packaged system, the desligner shall requlire the contractor fo
provide the following as part of the system:
o Operating & Malntenance (0Q&M) Manual;
6 A complete set of operating Instructlions shall be
posted next to the DHW control unit or module;
© An Instructional seminar shall be conducted on-s|te
by knowledgeable personnel for. housing managers,
houslng Inspectors and housling malntenance personnel
before flnai acceptance but after a successful

operational test and acceptance of the 0&M manual; and

o Parts Illst.
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The Q&M Manual shall contaln the following minimum Information:
o A comprehenslive set of system operating Instructions
wrltten for a lay person;
¢ Trouble-shcoting guide and preventive malntenance
checklist; and

o Catalog cut sheets, name of the manufacturer, parts

list, and warranty data.

The 0&M Manual shall be listed as a requlred submittal.

The contractor shall provlide an Instructlional seminar for
cperating personnel before flinal acceptance. Thls seminar shall
te ccnducted by knowledgeable personnel and include, as a
minimum:

o Start-up and operation of the system;

o Filling and dralning procedures;

o Operatlon of the system controls;

© Troubleshooting of the system;

¢ Replacing sensors and/or other controls;

o Detalled review of the 0&M Manual, and

o Schedule maintenance (preventive),

Operat!onal Checks:
At least twice per month, and preferable weekly, housing
Inspectors or maintenance personnel shall perform a simple

operatlional check of the system, This consists basically of
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observing that the system Is functionling and that certaln minimal

operating parameters are beling met. This operational check o

should not require more than 15-20 minutes each fime. R
'
:
Operational checks should be performed a+ various times durlng -
o,
the day and durling adverse weather conditions so that all aspects o
of operation, such as start-up and shutdown are being checked.
These are discussed below. Refer to the troubleshooting sectlon =
of Chapter X If a problem Is found durling any check performed.
L .
L 1. Normal Operation: .

! A check of normal operation should be made at midday under
3 clear or falrly ciear sky condltlons (relative to locale).
. At midday, wlith clear sky condltions, the system should be
collecting energy if a load exists., Thls can be ascertalned

by simply determining If the solar (oop pump Is operating.

If so, the fcllowling qulck checks shall be made to determine

It operation Is within the parameters of the control loglec:

¢ Check the mercury thermometers Installed on the solar
supply and return lines. The line from the collectors

(SHWS) should be at least 3'F greater than the return

ilne;
o Check the solar storage tank temperaturse. ¥ 1t Is
above 180°F the system shculd be off. |f not, manually

shut the sys*em down and refer to the troubleshocting -
guice In Chapter X; and
o Check the thermometer on the mixed fluld outlet of the

mixing valve; It should not te above 125~130°F maximum.
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It I+ Is, repalr or replace the valve.

¢ vaor T
[N

W

Thls normal cperatlon check should be made at every other vislt. 2
That is, If weekly operational checks are made, then every other §'
week should be a "normal operatlon”" type check (assumling weather S
conditions permit)., | o
2. Start-up Check:

This type of check should be made to determline iIf the system Is -
starting properly. The check must obviously be performed In the ;
morning when the system first starts and the speclific time can ;
only be determined by experlence. The following steps should be

fol lowed:

o Prilor to the solar loop pump starting, check the .
collector and storage tank temperatures using an ohm }
meter (see Chapter X) on the 10k thermistors and
determine the temperature differentlial; and

¢ Continue thls procedure and conflrm that the solar
locp pump starts when the control logic "on"
dlftferential Is reached.

3. Shutdown Check: X
This check Is made to determine |f the system Is shutting down -
properly per the system control loglc speclfied. Agaln, the

approximate time of shutdown Is determined by experlence., Steps

to be followed are: =

o0 Prlor to system shutdown (solar [ocop pump "off"),

start checkling the collector/storage temperature
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differential using an ohm meter;

o Ascertaln that the pump shuts down when the control
logle "oft" ditferential is met; and

o If It Is a dralnback system, ensure that dralinback

occurs when the pump Is deactlvated.

4. Adverse Weather:

An occaslional check of the system should be made during adverse
weather conditions. During extremely heavy cloud cover
conditions, the system should not be operating. Note that the
system may operate intermittently during light cloud condlf}ons

because of dlffuse energy being collected.

Cperational checks "2, "3, and "4 should be Intermixed with check
#1 on a scheduled basls, with #1 occurring every other time

(assuming adverse weather conditions do not preclude thls),

Scheduled Maintenance: (Preventive)

At Intervals of six months mlnjimum, responsible personnel
shall:
a., Wash the exterlor glazling surface of the collectors, if
needed, with compounds approved by the manufacturer.
b. Inspect absorber plates for degradation (do not
remove glazling).
c. Inspect glazing gasket for damage. Replace worn or
damaged gaskets.
d. Inspect collector supports. Tighten or replace {ocose

or missing hardware.
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e. Inspect valves, flttings, and pipling for leaks. :
Repalr as necessary.

f. Test PRVs on collector rows. Replace defectlive units.

g. Bleed alr from closed loop systems.

h. Inspect sensors. Replace defective unlts,

l. Inspect pipe Insulation and Jacket. Replace degraded
materlal as requlred.

J+ Inspect storage tank for leaks. Repair or replace. 5

ke Verlfy that solar loop has fluld and that storage has

fluid.

6. Fluld Test:
At lnfer?als of 18 months to two years, obtalin a sample of the
solar loop fluld for all glycol based systems. An analyslis shall
be performed to determine the followling:
a. Percentage, by welght, of glycol In the fluld. Thls
should be approximately 50% + 5%.

b. Condltlon of corroslon Inhibltors In the fluld.

Troubleshooting: ;
Refer to Chapter X, Section 7 for troubleshooting of systems

or refer to the system 0&4M manual.

SPARE COMPONENTS

It Is assumed that purchases of packaged DHW systems wlil most
Itkely encompass more than one system, except for a single, small
commerclal project. Therefore, required spare components are

based upon the number of systems purchased as follows:
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1=-2 Systems:
© One (1) glazlng with gasket, boxed;
© Two (2) sensors; and,
o One (1) differential controller [f not part of a
control/heat exchanger module.
3=-5 Systems:
o Two (2) glazings with gaskets, boxed;
o Four (4) sensors;
o One (1) dlifferential controller If not part of a
control/heat exchanger module; and,
o One (1) solar loop pump.
6-15 Systems:
o Two (2) glazling with gaskets, boxed;
o One (1) complete collector, boxed;
o Six (6) sensors;
¢ One (1) dlfferential controller or one (1) complete
control/heat exchanger module;
© One (1) mixing {(tempering) valve, preset;
o One (1) flll of solar loop fluld, other than tapwater,
In a marked, sealed contalner;
¢ One (1) solar loop pump (If not part of module); and,
© One (1) heat exchanger |loop pump (1f not part of module).

16~40 Systems:

o Four (4) glazlings wlth gaskets, boxed;

o Two (2) complete collectors, boxed;

o Ten (10) sensors;

¢ One (1) roll (2 100 ft.) of sensor |ead wlre;

o Two (2) dlifferentlia! controllers or two (2) complete
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control/heat exchanger modules;

o Two (2) mixing valves, preset;

o Two (2) PRY's, preset;

o Two (2) fllls of solar locop fluld, other than tapwater,
In marked, sealed contalners; and,

o Two (2) solar loop and two (2) heat exchanger |oop
pumps (I1f not part of module).

41 + Systems:

o Glazlings with gaskets, boxed, = number of collectors
x 0.10;

o Complete collectors, boxed, = number of collectors x 0.05;

o 12 sensors;

o 100 ft+. of sensor lead wire;

o Four (4) controllers or modules;

o Mixlng valves and PRV's = number of systems x C.10;

o Solar loop fluld number of systems x 0.05 (complete fills);

and,

o Pumps, each type = number of systems x 0.08.
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CHECK

YES NO

1. System slzes are selected based upon Table VIII.

2. Systems are 60, 80 or 120 gal. (£10%)

3. Total DHW demand does not exceed 120 gal. per day

4, Systems are not ganged together

5. Packaged system are off-the-shelf catalog [tems

6. Systems are active, liquid type only

7. System type Is closed loop glycol, dralnback, or
direct recirculation.

8. Controller Is solld-state, dlifferentlal with
10K ohm thermistors or nickel=-platinum probes?

6. Heat Exchangers are double-wall with Jeak
detectlion?

10. All required system components are Included
In selected system?

11, All additional items, required for installatlion,
are speclflied (PRV's, eotc)?

12. All component design criterlia have been metT?

13. Collector sizing for tank volume !s correct?

14, 0&M manual and Instructional seminar requlired?

5. Required spares speclfled?

Inittals
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APPENDIX A
LOAD CALCULATIONS

Load calculations required for systems addressed by thls manual

include the followling:

o Domestic Hot Water (DHW)
0 Industrial Process Heat (1PH)
o] Swimming Pools (SWP)
o] Space Heatlng (SH)
° Space Coolling (sC)
Projects that may require solar energy systems will Include both

new and retroflt work. Requlrements and recommendations for
thermal load calculations wil! vary slightly, depending on the

type of project as discussed below.

New Projects

New projects within the mllitary construction system may require
that a complete energy analysis of the project be performed using
a maln-frame computer code such as the BLAST program developed by
CERL. In deslgning a solar system as part of these projects,
load calculations from the computer analysls should be used to
slze and deslign the solar system for whatever appllicatlion Is
required, such as DHW or SH. This wlll ensure consistency In

equipment sizing and eliminate possible confllcts between the

conventional HVAC and solar system designer.
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Thermal l|oad calculatlions for new projects that do not require
complex, computerlzed energy analysls can be accompl!lished by any
acceptable method the designer Is experienced with, Suggested
hand calculation methods for load analysis are contained In thls
appendix, but In the absence of a preferred method, +t+he computer
codes F-CHART, Version 5.and/or F~LOAD or the latest editions of
each should be used to provide loads, especlally for DHW, IPH or

SWP applications.

Retrofit Projects
Retroflt projects normally dec require energy analyslis usling
maln-frame computer codes such as BLAST. ¥ a maln~-frame com=-

puterized energy analyslis !s performed, however, these l|oad

calculations should be used for the same reasons stated previously.

In most cases, the solar system designer will be required to cal-
culate the thermal loads directly and, agaln, any acceptable
method +he designer [s experlienced wlth can be used. For retro-
tit projects, the deslgner should also consider analyslis of data

regarding historical energy use, If It exlIsts.

HAND CALCULATIONS
DHY Thermal lLoads

Calculatlion of DHW loads by hand method Is falrly stralght-
forward and can be accomplilshed by the following method:
1. Calculate the total dally DHW usage for the
project. This Is normally done on the basts

of gallons per person per day for projects

.......... ST e e e
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such as famlly housing, unaccompanled personnel
houslng (barracks), schools, and offlce bulldlng
or gallons per meal per day for food establlish-
ments such as a cafeterla or mess halls. Table
A-1 llsts average DHW demands for a varliety of >
appllicaftions.

2. Determine the DHW supply temperature required.
The normal deslgn temperature Is 120°F for most
appllications and 140°*F for most food establish-
ments. The designer should ncte that the
required 180°F water for dishwashing (sterlllza-
tlon) In food establlishments Is usually
accompl lshed by booster heaters in the dishwasher.
This will net always be the case In retrofit
projects. and the designer should take care to
determine this poln;.

3. Obtaln the monthly average temperature for the
incoming water service to the project from the

local utillty company or post/base engineering

group responsible,

TR N
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TABLE A-1
AYERAGE DHW DEMANDS

TYPE OF BUILDING AVERAGE DAY

Unaccompanied Enllsted Personnel
Housling . 25 gal./person

B.0.C.'s (number of unlits):

TTTHEEE OO EEETTY Y V.Y, WERMEs F U YT roummme .
f
K

20 or Less 25.0 gal/unit
60 18.0 gal/unit
100 or More 15.0 gal/unit
Nursing Homes 18.4 gal/bed
Offlce Bulldings 1.0 gal/person
Food Service Establishments
Type A = Full meal restaurants, 2.4 gal/averagea
cafeterlas, & messhalls, meals/day
Type B - Orive-Ins, 0.7 gal/average®
grilles, luncheonettes, meals/deay
sandwlch & snack shops
Apartment Houses (number of
apartments):
20 or Less 42,0 gal/apartment
50 40.0 gal/apartment
75 38.0 gal/apartment
100 37.0 gal/apartment
Over 130 35.0 gal/apartment
Elementary Schools 0.6 gal/student?
Junlor & Senlor Hligh Schools 1.8 gal/student?

2per day of operatlon.
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4, Determine the average dlfferential temperature

P,
3
!
t

for each month of the year ( T) based on the

selected design temperature (from step 2) and

the water temperature schedule obtalned (step 3).
5. Calculate the DHW locad by multiplyling vhe

calculated demand (step 1) times the differential

temperature (step 4) as follows:

h where

Qpuw = OHW lcad, BTU/day

QDHW = m cp OT

M = DHW demand, Ibs. of water/day

Cp = speclflc heat of water = 1.0 BTU/Ib"F
DT = dlfferential temperature, °F
6. Multiply the calculated load of step 5 by the

following factors to account for heat loss

(approximate) from the conven?lonaf DHW system:

a8, 1.05 - new constructlion, well Insulated piplng,
no reclrculation.

b. 1.10 - new construction, well Insulated with
OHW reclrculation,

¢c. 1.15 = retroflt, no Insulation, no

reclrculation.

d. 1.20

same as ¢c. wlth reclrculation.

1PH Thermal loads

Process heat systems are calculated In essentlially the same man-

ner as the DHW loads with the following exceptlions:
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1. Design temperatures are usually qulite speciflic
(set polnt), but the set point will vary
accordlng to the particular process.
2., Demand Is normally well defined In gpm, gph, or gpd.
3. The process return temperature, usually qulte
speciflic as well, Is used Instead of enterlng
water service temperature to determine ' ne
differential,
4, The process fluld may not be water, and the speclflic

heat of the fluld must be ascertalned.

Space Heatling (SH)

The heating locad is the quantity of heat which must be put into a
space by a heatling system +o malintain a certain temperature in the
space during cold amblient conditlons. That Is, the heat Input to
a space must offset the heat loss to the outdoors. Heat losses
are classifled as transmission losses and Inflltration losses,
Transmission losses are heat conductlon through exterior walls,
windows, ceillngs and floors. Inflltration losses are the

result of untempered outslde alr movement directly into the space

through cracks or through open doors or windows.

In order to calculate the heat loss, the following Information
must be determlned:
1. Outdoor deslign temperature. The deslgner should
refer to an appropriate weather data source for the

project locatlon,

i dncanion ad:
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Indoor deslign temperatures for each rcom durlng the

e A
N
*

coldest weather,

3. Estimate temperatures in unheated rooms durlng design
conditlions.

4. Compute heat transfer coefficlents for exterlor wall,
windows, and rcof. Also, calculate heat transfer
coefficlents for any surfaces adjacent fto unheated
spaces such as garages, attlcs, crawlspaces or storage
rooms.

5. Calculate areas for all surfaces which have heat loss.

Each type of wall or window which has a different heat

transfer coefflclent should be noted separately. It Is

Iimportant that these calculations be done on a room by

room basls.

6. Compute heat ioads for each surface using the

following formula: E

Heat loss [BTU/HR] Heat transfer coefflclent BIU

HRFTZ < F

>

AREA [FTZ]
X (Inside temp - outslide temp) [*F]
7. Compute heat losses from grade level slabs or basement
wails by the following method. For grade level slabs,
the loss |s determined by:
Heat Loss [BTU/HR] = Exterior Perimeter [F*_. x F
[BTU./HF. Ft3]

where, F Is taken from Table A-Z and A-3. Calculating lf
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JABLE A-2

Heat Loss of Concrete Floors at or Near Grade Level
Per Foot of Exposed Edge (less than 3 ft Below Grade)

Heat Loss per Foot of Exposed Edge, [Btu/hr.ft]

OQutcdoor Deslgn R = 5.0 R = 2.5 No
Temperature, F Edge Insul, Edge !Insul. Edge Insul.?
g =20 fo -30 50 60 75
i -10 to =20 45 55 65
h 0 to =10 40 50 60
+10 to 0 35 45 55
t +20 to +10 30 40 50

¥ This constructlion not recommended; shown for comparlison only.

JABLE A-23

Floor Heat Loss to be Used When Warm Alr Perimeter
Heatlng Ducts Are Embedded In Slabs?®
[Btu/hr per linear foot of heated edge]

Heat Loss Per Foot of Exposed Edge, [Btu/hr.ft]

Qutdoor R=2.5 R=2.5 R =5
Design Vertical Extend- L-Type Extend- L-Type Extend-
Temperature Ing Down 18 In, Ing a2t Least 12 Ing at Least 12
F Below Floor In., Deep and In, Down and

Surface 12 In. Under 12 In. Under
=20 105 100 85
-1C 85 S0 75
0 85 80 65
10 75 70 55
20 62 57 45

9 Factors Include loss downward through inner area of siab,
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the loss from a basement wall !s more compllicated and
the exact methods are beyond the scope of this manual.
However, the loss can be estimated by determlining the
local winter ground temperature and using the formula In
step #6. The results of this estimate wili{ be higher
than the actual heat loss for the basement, but the
basement heat loss w!ll make a very small contributlion

to the total heat loss.

8. Determine If the space for which the load Is calculated
has an Inflitration or a ventiiation load or both. |If
the space |s mechanically ventilated by means of a fan
bringlng In outside alr, then determine If there I[s
positive pressurlzation of the building, that Is, Is
there more outslide alir being pulled Into the bullding
than Is exhausted or relleved? I|f this Is the case,
then inflltration wll! not be a problem. Any cracks
or openings wlll serve to let air out of the space
rather than In. in thls case, the load Is the
venti|ation alr quantity. |f the space Is not
pressurized at all or has negative pressurlzatlion, then

the Inflitration rate must be computed.

There are several methods for thls calculation. The
one which will be examined here Is the alr change
method. Baslcally, thls method conslsts of making an

estimate of the Inflitration quantity In alr changes
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~ per hour. One alr change Is the total volume of the

. space. Table A~4 shows values for alr changes In
varlious types of rooms. Certaln adjustments should
be made based on the tlightness of construction, and

the amount of trafflc In rooms with exterlor doors.

When an air quantity has been determined for
Infllitration or ventilation, the followlng formula

may be used to calcu]afe the heat loss:

Heat Loss [BTU/Hr] =

Alr Quantity [Cublc Feet/Min] X [Iinside Temp - Afir Temp]

Rl
X 1.1 [BTU.mIn/Ft+° . HrJ

JABLE A-4

Alr Changes Occurrilng Under Average Conditions
Exclusive of Alr Provided for Ventliation?

Kind of Room Number of Alr
Changes Per Hour

Rooms with no windows or exterlor doors 0.5
Rooms with windows or exterlor doors on

one slide 1
Rooms with windows or exterlor doors on

two sldes 1.5
Rooms with windows or exterlor doors on

three sldes 2
Entrance halls 2

%For rooms wlth weatherstripped windows or wlth storm sash, use
two-thirds these values.

9. Total all calculated heat iosses into a total heat

loss. Thls number represents the heating load of

X the bulldlng.




RS 1

In applylng thils method, there are several consliderations which

should be noted.

a.

Design heat joss |s assumed to take place under steady
state conditlons. Under mcst clrcumstances, this Is
the middie of the night, For thls reason, the
temperatures to be used are the "97.5% temperatures."
This means that for the average year, 2.5% of the hours
during the winter months wlill be below thls temperature.
To deslign for more extreme temperatures will mean
uneconomical overslizing of equlipment, The notable
exceptions to this are bulldings In which the occupants
cannot leave at wlll such as hospitals, or nursling
homes, or bulldings which will be used in emergencies
such as churches or designated publlc bulldings.

For such buildings, a somewhat lower design temperature

should be used.

No credit should be taken for any Internal heat gains

which could offset heat loss.

The total heat loss calculated does not represent the
actual slze of heatlng equipment but the output. Only
after taking Into account any efflclency losses should

the equlpment selectlons be made.
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Space Coollng (SC)

Calculations of the cooling load Is consliderably more complicated
than the heatling load. For thls reason, only an outllne of the
procedure will be glven here. The complete method can be found

In Reference

The components of the coolling load are:

o External transmission load: Similar tc the heating load,
Is heat conducted Into the condlitioned space from tThe
outdoors.

o Solar load: Thls Is the dlrect solar galn through
windows on cther transparent surfaces.

o Internal galns: These are heat gains from |Ights,
people and equipment within the space.

o Infllitratlion and ventilatlon locad: Simlilar to heating

locad, these are heat galns from outdoor alr enterling the

-

space.

P A s

The coollng load s calculated In the ftoilowling manner:

A, External transmissfon load: Thls load Is

determined by the formula: ﬁ
g =Ux A x CLTD
where
q = heat galn i
U = heat transmisslion coefflclent 2
A = area of surface ;g
CLTD = coolling load temperature d!fference i




The CLTD is determined by the Inside-outside
temperature dlfference, the welght of the wall, roof,
or window, the color of the external surface and the
dally temperature range. The reason for this Is that a
heavy wall willl cause a lag between the time of
greatest heat on the outside of the wall and the tIime

that the heat wlil| reach the Inside of the wall.

B. Solar load: This load Is determined by the

formula:

q = A x SC x SHGF x CLF

where

A net glass area

sC shading coefflclent determined by the
type of glass and nature of Internal
and external shadlng.
Solar heat galn factor for orlentatlion
of surface, latitude and month
ccoling load factor representing the
percentage of the instantaneous galn
which shows up In the coollng load

a particular time.

C. Internal |oads:

1. Lights -locad s determlned by:

9g = 3.41 x gl x Fu x Fs x CLF

where

95 = llghting load




3.41 = conversion factor for watts to BTU/HR

gl = ilght wattage
Fu = fraction of total llights In use -
Fs = ballast allowance for fluorescent

fixture
CLF = coolling load factor

2. People - locad Is determined by:
a). Sensible:
qg = qs/person x No. of people x CLF
where,
Qs = sensible cool ing load
qg/person = sensible galn for each person

determined by actlivity
No. of people = number of people In the
space at design hour i;
CLF = cooling load factor
b). Latent:
qg = qe/person x number of people
where,
Qg = latent galn per person determined by
activity,

3. Equipment:
a). Senslible:
Qg = Cg x 9 x CLF
where,
Qs = sensible coollng load from equlpment

qr=manufacturers Input rating In BTU/HR

Cs=coefflclenf from Table A=-5




CLF - coolling load factor

b). Latent: E:
a;=Cy x qr

where:
q.=latent coolling load i

C1=coefflclenf from table A-5

q.=manufacturer's Input rating In BTU/HR

Coefficlents for Appliances and Certaln

Laboratory Equipment

Cq C, 3
Mooded=-Electrlc or steam heated 0.16 0.00 :?
Hooded-Gas heated 0.10 0.00 ;
Unhocoded-Electric ar steam heated 0.33 0.17
Unhooded-Gas heated 0.33 0.17
0. Inflltration and Ventilation:
1. Sensible: %
Qg = 1.10 x DT x SCFM
where,
Qg = sensible cooling load from outslide alr R

1.10 = conversion factor (BTU/HR . SCFM)
07T = Inside-outside temperature difference Vo

SCFM = volume of outslide air at standard

condlitlions, 1?
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2. Latent:

qg = 4840 x W x SCFM

where,
qg = latent ccolling load from outside alr
4840 = conversion factor (BTU/HR ., SCFM)

volume of alr at standard condftions.

SCFM
W=lnslde-outslde humlidity ratlo dlfference In

pound of water vapor per pound of dry alr,

In order to calculate the coolling load, a2 time must be selected

that Is estimated o be the hour when the different locads peak.

All of the different types of loads wlll have varying cooling
load factors which determine when they wlll be "seen" by the
ccll., For a typical coffice bullding, the loads wlll bulld

toward the end of the day. Loads may be calculated for 3, 4,

and 5 o'clock with the highest total belng the design hour.

Swimaing Pool Heat (SWP)

Accurate thermal loads for swimmlng pools are not easily caicu-
lated by hand unless historical energy use data Is avallable
because the major heat loss from the poo! Is through the process
of evaporation (roughly 1/2 to 2/3 of the load) and Is hlighly
dependent on local humidity and air movement. Because of this,
SWP Jloads should be calculated using F-CHART, verslon 5 or a

later edlition,
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There are numerous computer programs avallable for calculation of
varlous thermal loads. These range from versions for hand-held,
programmable calculators to main~frame computer codes such as
BLAST or DOE-2. As stated previously, If a malin-frame computer
program is used for energy analysls of the structure then It

shall also be used for calculation of loads for the solar system,

For projects that do not employ a main-frame computer program,
It Is suggested that designers conslder using a mlcrocomputer
program that employs ASHRAE calculation techniques. One program
that should be glven serious consideration Is F-LOAD, Verslion 5

cr later edl{tlon.

F-LOAD is an interactive computer procgram for estimating
heating/cooling loads and the energy used by equlipment in
supplying these loads. The methods used In the computations are
based on those publlished by ASHRAE and NBS for calculating the
design heating/coollng loads and for estimating seasonal
equipment energy consumptlion. These methods alsc Incluce the
effects of thermostat turndown, night setback, passlive sciar
heating (dlirect galin windows, and collector-storage walls: and
other conservatlon measures, The program includes the capaclity
to do |ife-cycle cost analyses and first year cash flow analyslis.
The program Is structured to allow the user tc evaluate the
energy and cost savings of varlous changes In heating/coollng

equipment and In bullding construction or operation, The results




of the calculations can be printed out in any of several formats,
depending on the degree of |temizations by walls, windows, or

other parameters.

The users may also wish to conslder using the F-CHART program

for load calculatlion, especlally for swimming pool systems.

F-LOAD and F~CHART are both avallable from the same authors and

are, therefore, conslistent In thelir approach.
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There are numerous methods for slzing collector arrays for solar
energy systems. It Is not within the scope of thls manual to
dlscuss all of these methods or to lIst acceptable versus
unacceptable procedures., Therefore, two methods are recommended
for collector array slzing; the Solar Load Ratlo (SLR) method as
a hand calculatlion procedure and F-CHART, Version 5.1 or later
edition, as a computerized method. One exceptlion to the above
procedures will be the use of maln-frame, publlc domaln, computer
codes, such as BLAST or DOE-2, lE these codes are used for

calculating the thermal loads for the procject.

The selectlion of the SLR and F-CHART methods Is made because of
their widespread use, general acceptance In the engineering
community, appliicabillty, and the extensive testing and
verification work that has been done with these methods In the
past. Thls selection does nqot represent a statement concerning

the relatlve merits of other calculational procedures.

It Is recommended that the system designer use the F-CHART
computer program Instead of the hand calculation method, If at
all possible., Use of F-CHART will allow rapld comparisons and

parametric studies to be made at very l|low cost. Also, as stated




In Appendix A - Load Calculations, design of a swimming pooli
system [s best accompllished using F-CHART because of the

complexlty of heat loss calculation required.

- E‘: EI ‘
F-CHART is one of the most comprehensive and widely used simp- -
lified methods for solar system design. F-CHART was developed by

the Unlversity of Wisconsin using the TRNSYS computer program to ;
stimulate representative types of solar heating systems In sev-
eral dlifferent geographlical locatlions, using elther alr or water
t as the transport fluld. Correlations were determined between the
N monthly solar fraction and two dimensionless quantities that are
partlcular to a given system belng analyzed. One [s a measure of
the monthiy solar radiation absorbed by the collector., The other h
ls a measure of collector thermal energy losses. The result Is a \
chart showing the solar fracflon,‘f, as a function of these two

dimenslonless quantitles.

Version 5.1 Incorporates many enhancements to the earliler

microcomputer verslions of F-CHART. For ccllectors, Version 5.1

has the ability to analyze the performance of evacuated tubular

ceollectors, CPC's, and one and two-axls trackling collectors.

Conslderable attention has been devoted to lncldence angle

modiflers for these collector types. Two new systems have been -
added. An active collection -~ passive storage system analyzes
the performance of a soliar system [n which energy Is stored In
the building structure rather than in a separate stcrage unit.

The pool heating system provides estimates of the energy loss




from a swimming poo!, as well as the useful energy collected by

PRCNETARSS

- the solar system. A cash flow analysls optlon has been added *to K

the economics output.

Wi

In this version, It Is possible for some parameters to have :
multiple values. For example, the cocllector orlentation can be

varled monthly and Incidence ang!e modliflers can be entered from

test data In 10 degree Increments. A degree-day algorithm has

been added to allow the degree-days to be estimated for any base
temperature. F-CHART Immedlately checks most of the parameter

values entered and Indlcates [f they are out of range.

SLR Maethod

This s a parametrlc method based on hourly computer simulations

for which correlations were developed uslng the ratlio of avall- .
able solar energy vs. monthly heating degree days. The differ-

ence between SLR and F-CHART Is that F-CHART presents the baslic

solar collector characteristics as varlables In the Input param-
eters whlle SLR utlllzes the performance of a reference system.

This reference system Is glven In Table B=1 cn the followlng

page.

The SLR method Is used by obtainlng the LC load collector ratio)
for the desired sclar fractlon from Table B-1;

- > -

where,
LC = BulldIng load (BTU/F-day) i

Collection area (ffz)

X
b
.

R ,‘..'

‘ad
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For any locatlon |Isted In the table, the method consists simply

of determining the heatling load and the solar fraction desired.

The table results will, of course, be for the reference system.
Since the generlic system desligned In this manual willl he very
closé to , If not the same as the reference, this should present
no problem, | f however, the location deslred Is not In the
tabie, the followlng procedure can be used to correct for a new
locatlon:
1. Obtain the followlng data.
a. Heating degree days {(monthly)
b. Total solar radlation for a horlzontal surface
(monthly).
2. AdJust the horlzontal radiation data for lat + 10°
using:
Incident radiation = 1,0254 - 8200
where,
Y = Monthly horlzontal radiation
cos (latlitude - solar decllnation at mid-month)
Solar decllination = 23,45° cos(30M~187)
M = Month number (1-12)
3. Determine heating load (see Appendix A) In BTU/*F - day.
This Is determined by takling the total heat load In
BTU/HR and using the following formula:

Heat load (BTU/*'F Day) =

Deslgn heat load (BTU/HR) x (24 HR/Day)
Design temperature dlfferences (F)
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4., Determine the SLR for each month using:
SLR = Collector area x fotal radliation
Heatling load x degree days
The SLR Is a dimenslonless number.
5. The annual heating fractlon can then be determined by:
Annual Solar Heating Fractlon =
Summation (M= 1, 12) [degree davs (x)]
(degree days]
where,
x = 1,06 - 1.366 (exp)(=0.55 SLR) + 0.306 exp (-1.05SLR}
(for SLR < 5.66)
or, x = 1
(for SLR > 5.66)
This method has Its [Iimlitations but is adequate for
final design for small, envelope domlinated buildlngs
and for feasibillity and preliminary design for other

bulldings.

.........




. APPENDIX C
WATER QUALITY ANALYSIS
The following analysis must be performed to determine if the

quallty of the water Is sufflicient to allow use of a direct

recirculation system. Steps to be followed are:

i 1. Obtain a standard water chemlistry report for the
g water to be used in the system. Results of thls
report shall Include, as a minimum:

o Dlssolved total sollds (DTS), mg/L
o Calclum hardness, mg/L
o M alkalinity, mg/L

o pH

In most cases, this water chemlstry report can be ob=~

talined from the local 0 & M Workforce Department.

report Is used frequentiy In determining appropriate

boiler feedwater treatment. |{f not, an analysis can be

performed easily by most any local laboratory.

2. Using Table C-1, calculate the pH of saturatlion (pHS)

of calclum carbonate (CACO3) tor *the water using the

following equatlion:
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PHg = 9.3 + A + B -~ (C+D)

where, from Table C-1,

A

value for range of DTS

B

factor for application temperature range, (normal
system operating temperature)
C = factor for calclum hardness

D = factor for M atkallnity

The values for A, B, C, and D are dimenslionless.

3. Using the resuits of step two above, and the pH of the
water from step one, calculate the Ryznar Index (RI)

using the following equation:

RI = 2(pHg) - pH
4., Usling Table C-2 and the calculated Rl above, determine
the tendency of the water In questlion for scallng

and/or corroslon.

For dlirect use of the water in a solar system, the RIl shall be In
the range of 5.0 to 7.0. For water with a calculated R! outside
of this range the desligner may elther choose another system .
type or requlire water treatment resulting In an Rl In the

acceptable range.




(e S BN LTV . TaTdme 0 0 L0,

0°¢ 0001-068 9°z 0001-008 Z°L (1°18-Z2°ZL) 8L1-291
6°Z 088 -00L 6*Z 0.8 -00L €L (1°lL-v*¥9) 091-8¥1
8°2 069 -096 vz 069 -096 Pl (€£°€9-2°9G) Zsl-vegl
L*Z 065 -06G¥ £°Z 065 -0vY Gl (9°6G-1"1G) Zg1-vZl
9°Z ovy -09¢ A osy -06¢ 9°| (0°0G-v"vb) ZZ1-Z1t1
Gz 06§ -082Z 1*z ovg -082Z L°1 (§£°€v-8°Lg) 011-001
A 0LZ -0¢2 0°Z 0Lz -0sZ 8°tL (1°1€-8°1Z) 86 -06
£z 0ZZ -l 6°1 0ZZ -6t 61 (1°1€-8°1Z) 88 -Z9
z°2 9.1 -0Vl 8°1 VLl -651 0°Z (L°9Z-2°2Z) 08 -ZL
1°z 61 =111 L 8¢l -111 1°Z (1°1Z-8"L1) OL -v9
0°2 0ll -68 9° | 0ll -98 Z°Z (L°91-v°¥1) Z9 -86¢
6° 1 88 -0L G* 1 L8 -0L €7 (£°¢1-0°01) 96 -06
8°1 69 -96 pol 69 -96 P*Z (6°8 -L°9 ) 8y -vb ©
L°1 GG =GV £\ GG ~bv 67 (6°6G -Z°'7 ) Zv -9¢ o
9° 1 vy -9¢ Z°\ €y -G¢ 9°Z (11 -0 ) ve -Z¢
G* 1 Gg -82 1* ve -82 TTTTTTTTTTTTTTTTT T
Al Lz -2 o°1 Lz -2 a 9. J.
€1 ZZ -8l 6°0 Z2z -8l eunjesedwey
A Ly ~-vi g°0 Ly -vi T
0°1 gL =z L0 ARy A 9
9°1 1t -0l 9°0 T T - -
) z°0 0001-00V
1°0 00£-0¢6
a (%0929 jo 1/6u) ) (%0909 jo 1/6w) v (1/6w)
Ayjurieyiv sseupJsey wnjd|e) spjjoS (ejo}
a 9] v

*ejeuoqie] wn|djey jo (sHd) uojjeanges jo Hd jo uojje|nd|e) JOj eje(

1-0 319v1L




UO|SOJ10D 8)1qRIB|O4U| 10yby pue 0°¢6
U0 |s04402 Aaeey 0°6-6G"1L
U0 |Sso440d2 jued|jufi|s G°L-0"L
UO|SO4JO0D 10 8|e3S 84411 0°L-0'9
e|eos 4461 0°9-0°¢
e|eds Aaesy 0°G-0"¢
18ieM o Aduepus} xepu) Jeuzlhy

xepu| JeuzAy eyy AQq se|duepue| J8jeM JO uojid|peuy

Z-0 3114vl

R R N s ) . . IS BRI

<




4003 d1qnd> s8d suoy|eb z¢oRAvY° ¢ VO pASEq S|

00"t

vojie6 sad y6japn

= 409 9 sogem jo Agppavusb o)) toedg

60697 €
€666° ¥
9rc9°¢
revi-o9

cEre 9
1088°9
trert
B0sEr-L

8099° ¢t
fEveLtL
9zZ8° L
61.68°L

0696° L
L6667 L
¥Z00° 8
16¢0°8

(990°8
6960°8
09Z1°8
Ltesits
L6L1°8

8vroZ° 9
082Z°8
86vZ°8
869Z°8

LLez s
Le0E" 8
9ILig 8
062¢°8

gLEE" 8
osre’8
113498}
9¢trc°8

Ltog Lz
6g° ¢
10¢°2y
966°6r

8r6° 8y
Lor- i
8Y9°¢¢
986766

Ltog°ts
YZ6° LS
(16" 8¢
180°6¢

€£19°6¢6
Z18°6¢
299°6¢
Loi1°o9

£veto9
696°09
(8- 09
Y66°09
881" 19

9Le° 19
066719
et 19
298° 19

966° 19
911°29
0ZZ°29
s0¢€°29

1Le"z9
oiv-29
9Zr-29
rir-z9

299¢0°0
YL920°0
¥9¢20°0
9L120°0

£v020°0
€¥610°0
¥9810°0
66L10°0

SYLI10°0
v9ZL10°0
680L10°0
92691070

SLL910°0
61(910°0
$0L910°0
££9910°0

21691070
016910°0
1691070
66€910°0
€reg9i0°o

£62910°0
L¥Z910°0
¥0Z910°0
69191070

0€i910°0
660910°0
210910°0
060910°0

€€0910°0
€20910°0
610910°0
22094070

€ r60¢
¥°8022Z
Z°¢rst
gEr-Grol

98°089
G622y
66Z°LvYZ
Y09°rsi

¢00° L9
00Z° 6"
LIy s
896°¥Z

981° L1
969° ¢ i
£Zitry
9Z¢ 1l

oret6
AR K-
9266° S
vivesy
veliL- ¢

268872
0¢€zZz°Z
12694
oGtz i

rZ6v6°0
€1869°0
£€8906°0
2629¢°0

119¢2°0
96tLLL"0
€9tz 0
6$880°0

00¢
069
009
066

00¢
osry
oor
0s§

00¢
082z
097
ore

0z2Z
2z
01z
002

or
o¢l
0z
ol

S E s -T2 TN R S I IS T e TN IR A TN N TR P YIS Y IO T T SN IS TSR TN RS TRITSIISAASINSEISANIITIANTISISI=T NS

uo|1e9 Jey
spunoy

1004 5§qn)
Jog4 spunoy

Aipysueq
4yBiepy

punod Jed
4804 51q9N)

[LLEE-TY
3| 4150dg

oinjosqy
you| esenbg
48d spunog

oinsse.y
sojjesnjes

Jleyueryey
seo.160(Q

Je3ey jo
osnjuindwe)

HIIVRTI0 SITINILOES TVITSING
T=07318vI

228




i L€6£0°0 LY9¥YYO0°0 $9.6€6°0 60666°¢1 666€100°0 861€100°0 06y8L"2Z 89¢€610°0 Aandsew ww w
s000r°62Z 1 org1° i 809°¢1 glE cye £S¥C0°0 1Zv€€0°0 99ZL 0L LsLi6Y°0 Aanoieuw ‘v “
086¢°2Z 08188°0 1 *Zl 06°v0¢ G¥0£0°0 1LY620°0 899¢°29 €OIEEY°0 Jejen ° 3y Mu W
$998° 1 €8r¢€L0°0 £{£80°0 t sLe°sZ £€6¢200°0 96¢+$200°0 ZL61°§ 2609¢0°0 J048m “uy qc i
966€L(0°0 968200°0 ¥82€00°0 1¥650°0 | 1000°0 8960000°0 L18v0Z°0 ZzZr100°0 NE\mx Jm
666°6¢L 666°82 0r8°Z¢ 80°¥v6¢€ ©00001 1 v8L96°0 L1°8v02Z yezzori NEU\mx mf
09t 1Z6°62 1€6° €€ L tor LZ° €01 Zg€0° | | zz° 9112 969° ¥\ seseydsowty wm
£166¢°0 651PL0°0 £0910°0 1v261°0 (R 24:1: M 4 88y000°0 £L¥000°) } SY¥6900°0 Az IAL _w
griL- s 109¢0°2 650¢°2Z Lt L90° €01 L0g0L0°0 9v0890°0 rri | FaLTAL .m
(425) (4Z€) (409)  (409) sesoyd peey %
Aandieuw >uqug¢ﬁ Jojen 19)0n Ns\ax Nsu\mx ~sowj}y Np*\a. N.c_\a_ Jo x
ww u) + “uy eunssesy .

OVIA ORV IEASS3I8d 0 SIRITVRINOT

Z=07378V1

A

.

N S WY SV W U |

P A S

Al vy




£°61 z0°Z £1°2 6°9Y¥ 00Z* eZL L [TARE ] 8
Z°0l €G! 09°1 8792 orty° [414° 201 [ T4 ) 9
19° 8Z° 1 A9} L° 81 (T4 L8 ¥ ¢Z1°¢ 4
- 1 20"y 80° 1 0°Z1 o1l c06°¢ [TA N 4 4
62"y 168" 6¥6° 12°6 00'" (4 28 1 629°¢ Z/1 €
£€°¢ teee gte” 1879 060" cr6°2 ¢zl €
8r-z Gr9° L89"° ey 080° cor-2Z ¢Z9°Z 4
SLe o 0zZe¢" 966" 60" ¢ 0Lo” c86° 1 cZiZ 4
rici r6¢” (74 gL\ 090° 606" 1 sZ9° 4 i
v88° 0 1ec° 09¢* 9Z° 1 6G60° $9Z°1 SLet I
669°0 89Z° 62" 6Z8° 060" (Y4 " Gl t t
GsY°0 90Z° 622" ver: (1410 SBL” SLg”
29¢°0 | Z4 961° 149 Zvo- 999" (117 8/¢
$8Z2°0 e | A A0 1424 ovo* 148 ¢Z9* zZ/1\
&|uunw
6°6Z 86° 1 f£1°2 z sy 1Lz £86°¢L ¢Zi°8 ]
6°¢1t 06° 1 09°1 6°62Z Z61° Ivec e 6Z1°9 9
L9°6 9Z°1 rec 1°91 091° (41128 4 [ T2 D1 S
I6°9 10° 1 80°1 Lot rets 1s8° ¢ sZL'y y
Z1°g 988" 6v6° 00°6 0Z\* 68¢e° ¢ 629 ¢ /v €
(11 0 4 19L° g19° ¥9°9 601° Lo6°¢ sZt ¢ <
€6°2 8g9° 189° 99° ¢ <60° 11 4 AF4 6292 /v z
90°2 £16° 966° 10°¢ £90° 666° 1 [ X4 R4 b4
9¢°y 88¢" sy’ AR ZLo° 1er- 1 6291 /1
Y0° 1 9Z¢” 09¢° rXA | 690" GrZ° GLE" r/v 1
6¢8°0 19¢° v6Z° gL’ $90° 666" ¢Zi"t 1
1v9°0 G61° 62Z° 9¢tr” €90° svL® SL9° v/€
g1r°o teee 961 ° ree” 6r0° 269" osL” 8/¢ 4
rYec o 8el” [ 4:10 81z2° 6v0° LZs’ ¢Z9° Z/} " 4
33 uy) aed 33 Ul Jsed ujy se0d seyosu| °bs
spunod 44 bs )34 bs ‘ei0g }jO veuy
tybopn ‘edejung ‘e’ 4ung jeuo| }oes ssouyd Yy FLYC TN J0t0me|Q .x
jeusayuy jeuite)x) $s01) |19 8pjlsu| ep)sing .A
A
SUO)Suew|(] JRUJWON UO peseg ‘Sen|uA peje|nd|e) 3eyou| ‘sSuojsuem|Q (QuU]WON ;
¥ 3411 1

W 717" 53411

3aN17 93330730 SITISTHIIIVEIVAT TVITSIAd

T=g 378Vl




6§91 ¥o°ez £1°Z 9 Ly oLy* seL° L sZ1L°8 ]
Z6°8 LA 09°1 AN ¥4 Zzi® 188°¢ §Z1°9 9
; 99°9 8z" 1 L AS 6°81 601{° Lo6°y 174 <
99° ¢y €01 80° 4 z 21 $60° GE6° € SZiL°y 4
86° ¢ 906° 6v6° or°6 €80° 66¥° ¢ 6Z9° ¢ /€
89°2 o8L* g8’ 86°9 2¢0° 186°2 (TA R4 £
€0°Z £69° 189° 68" ¥ 690° G6r°2 §Z9°2 z/1 2
9r-d 9Zg° 966¢° 1 8¢0°’ 600°2 1 TA KA 4
or6°0 oor’ szZr’ £8° 1 6v0° Lze* GZ9° 1\ Z/1 1
Z89°0 8ge” 09¢° lem Zvo° 16Z° | sLe” i Y/
s9r°0 9Lz 62" vie’ $€0° $60° 1 SZiy {
8Z¢° 0 Ziz° 622° Lis” Z¢0° 118" S$L8° v/¢

: 44 vy aed 43 uvly Jed 43 U 4od seyou| °bs
. spunod 43 bs 3 bs ‘eso0g JO wBIy
jybon ‘edeung ‘eoesung |jeuo | §des SSeuUNO |yl Jejewe | Jejewe|Q
Jjeuseuy jeuseyxy $50J) yi1on epjsu] epising seyosu| ‘ez

SUO|SUBW|(Q |RQU|WON UO POSEE “‘Sen| QA peje|nd|e) seyou| ‘suolsuew|q (Pujwo

N 3411

A 717183411
390 ¥34403 J0 EITISTHIIIVEVAD TVITSING

t=u 3vavr




DRILL HOLE FOR BOLT TO ATTACH CLAMP TO ANGLE

BOLT NORMALLY IN CLAMP

ANCHOR BOLTS INTO WALL

L5 x3 1/2" x 6§/18"

e

L 4" x 3" x 1/4" x 4"/\ % EXTRA HEAVY RISER CLAMP

VERTICAL PIPE SUPPORT

PIPE

PIPING TO BE INSULATED AND SHALL
BE WRAPPED WITH 18 GA. STEEL SADDLE

12° LONG SLEEVE \ 6" 8’ 8" GALV. *U* BOLTS AND NUTS,
e

PIPING SHALL BE FREE TO

|
ROOF\J @ @ @ Y i

SECURE FIRMLY TO ROOF DECK
AND SEAL WATERTIGHT

HORIZONTAL PIPE SUPPORT

FIG. D-1 - ADDITIONAL PIPING SUPPORT DETAIL
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PROTECTION SADDLE ~ PIPE ROLL WITH

ADJUSTABLE SOCKET
UP\

T——— STEEL PIPE

SUPPORT POST — =

/_________,J\A_,—-.

: FINISH GRADE

———
L__________/_l_D

FIG. D-2 -~ TYPICAL ABOVE GRADE PIPE SUPPORTS =
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HANGER ROD

LOCKING NUT

HEAVY DUTY SUPPORT NUT
CLEV!IS HANGER

B!
8 1=

16 ga. ZINC-COATED

¥~ SHEET STEEL SADDLE
m 12°MIN. LENGTH

VAPOR BARRIER
INSULATION

FIG. D-4 - PIPE SUPPORT - CLEVIS HANGER
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